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PREFACE TO VOL. I. 



When the author commenced a series of articles on the Indicator in the 
[ Boston Journal of Commerce, it was only with an idea of writing a few 
I articles in number, for the purpose of showing up some of the most generally 
I found defects ol the bu'lders of steam engines, — defects in practice, — and to 
I explain, in as simple a way as possible, how to adjust, or at least how to over- 
I come these defects, so far as the defects of building would allow, and make a 
* more economical use of steam. The subject, however, grew on the author's 
hands, and, rather to his disappointment, a great deal of inquiry was eticiled. 
The articles were continued far beyond his own ideas, originally, and, as the 
paper was growing rapidly in circulation, hundreds of subscribers were added 
who could not procure the first of the series. Within the first four or five 
months inquiries began to come in asking us if we would not print the articles 
in book form. It was a year or more after the appearance of the first article of 
the series before time could be gi\'en to their revision for the purpose of re- 
publication in book form. Meantime the name of the paper had been changed 
to Cotton, Wool and Iron, and the subscription list was increasing faster 
I than ever. All this required new quarters, and we were obliged to move in the 
very midst of the preparation of this book ; and the book was still further de- 
layed some two or three months on account of having to add to our plant for 
I prindng the paper. This, in brief, is how this book came to be printed. It Ja 
f offered to the public with the full knowledge that there are many litde inac- 
n curacies, arising from the fact that the author has been doing the work of two 
I or three men. Aside from having the full management and editorial charge 
t of the paper, (which is no easy job,) his daily consultations have been large, 
[being obliged at times to travel several hundred miles per week, which, 
I together with the charge as consulting engineer of a number of large steam 
I plants and cotton mills, has made it next to impossible fur htm to sit down for 
fmore than an hour without interruption or being obliged to drop the work 

■ .entirely for days together. 
The subject-matter of the book has been gathered from probably the 

Itroadest experience ever enjoyed or earned by any man in this country. It 
kwas commenced at a time when but very few people knew anything of the 

■ Indicator, and the instrument was in a crude state, — when it was far from 
J perfect. The hobbies and vagaries of engine builders, the ignorance, preju- 
Btlice, and love of the dollar on the part of the steam users, and the bigotry and 
Efirejudice of the working engineer, made it at times almost impossible, even 

when we were investigating for our own benefit, to obtain access to an engine. 
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But gradually questions arose which compelled some arbitration ; we wenS 
fortunate enough to be appointed by the Supreme Court of several States to 
carry on investigations, which opened up such questions that the steam user 
and the engine builders were obliged to make a limited use of the Indi- 
cator. Meantime the change in engineering has called for a broader use of 
the Indicator, has called for more knowledge, and that this knowledge shall 
be based upon fact. The makers of the instrument have kept pace with the 
requirements of the engineering profession, and, without doubt, the Ameri- 
can Indicators of lo-day surpass everything made in the world before, for 
iheir accuracy, and their durability unier all the range of requirements 
from the slow moving low pressure engine, to the high speed and high 
pressure locomotive, and eleclric light engine. 

The lessons in this book are drawn from actual practice ; with very few 
exceptions the diagrams were all taken by our own hands. What this labor 
has cost, no one but ourself can properly understand. At times working ali 
night, and not in ihe pleasantest quaf'lers^ sometimes without anything 
beyond the crudest tools — in attempting adjustment where the builder of the 
engine had absolutely precluded any adjustment ; working against all the 
different degrees of prejudice and ignorance, frequently going without food 
for many hours together, being compelled in a certain time to accomplish all 
that could be done ; making long railroad rides at night ; working all day 
and night — all this has not been pleasant, but it has brought about, to a 
great extent, a revolution in the practice of the Indicator, and an amount 
of information of easier access to the reader. 

These pages arc offered with a full knowledge of their faults, but it has 
been the author's intention to convey knowledge to the greatest extent pos- 
sible, and in such a way th.it the working engineer, and the men who use 
engines,shall understand them andbeable to work out their own adjustment, 
if they will but give a little time and patience to it. The second volume will 
contain more extended information with reference to the theory of working 
steam, and the application of general rules as to the measurement of steam 
an:! water, with some curious illustrations from actual practice, of the vaious 
ways of connecting the Indicator to the cylinder, errors in motions, and a 
variety of matter which is not yet fully laid out. Inquiry has at this time 
taken a turn toward adding something in reference to combustion and 
various boiler settings, and, if we follow the subject, it will probably run 
into the third volume. The second volume will be issued sometime within 
a year, and, as to the third volume, much will depend upon our personal 
arrangements, how much can be done, and how much time we can give to i;. 
The diagrams in this work are, in in every case, full size, so they can be 
measured and worked from accurately, or a tracing can be made for that 
purpose. In everj' case our aim has been to give the facts, and wherever the 
name of the builder has been mentioned, it is not with any intention of either 
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recommending or disparaging his or their work. The names are used only as 
the types, and in many cases where bad adjustment has been shown, it has not 
been any fault of the builder. In other cases this cannot be said. The book 
is from a practical experience, with all the ins and outs that are liable to occur 
in a large practice. We of ly regr.et that other duties absolutely forbid our 
giving practical attention and time to the calls which are now made upon us, 
otherwise we might soon issue a second volume, which, while not containing 
so much in breadth or in fact, could be made more elaborate, and perhaps 
more practical and interesting. 

Thomas Pray, Jr. 
Boston, January 3, 1883. 



Since the publication of Vol. I. [first edition] all interest in the 
publication and the copyright have been legally transferred to me. 

P. O. Box 2,728, Boston, Mass. Thomas Pray, Jr. 

July, 1887. 




As announced iu Vol. I, this book, Vol. II, ia lauQclied, not as a literaiy 
effort or a scientific essay, but lather as a practical hand-book or text-book for 
tlie working engineer, the steam user or any who may be learning something 
as to the conatmctioii of engines and what constitutes the economy of an 
engine, what use Ib made of tlie steam after being produced by the boiler, 
and whether this use is good, bad or indifferent. The book has not a single 
mathematical formula, algebra and the higher umtbeiuatics having been 
entirely left out ; not because the engineers could not understand them, for 
many of them are capable of uuderstamling the higher mathematics, as we 
know. Bind very many make regular use of formulae in theii' calculations for 
the sake of brevity. We have ourselves had no difficulty iu expressing any- 
thing in few words without resort to formulee ; and as so many of our engi- 
neers have graduated from the lire room, and then taken positions in the 
engine room, or in charge of both, who have had no chance at even common- 
school education, we Lave prefeiTed to put everything in the plainest word- 
ing, so that all might thoroughly comprehend and avoid any confusion or 
misunderstanding. So much for the general cbai'acter of the work. 

This work has been compiled from one of the most extensive practices 
any man was ever engaged iu, at a time, too, when the author has been not 
only busy but a very busy man. Much of the work has been done " atween 
times," or when, for his own comfoi-t, he might have been resting, and all the 
time during the progress of the work, which has been slow, and interrupted 
twice for several months, he has been busy with a large consultation practice, 
with the cares of a paper, and other matters, so that Vol. II has been delayed 
many months longer than was expected. 

The subject matter of Vol. H is reiy largely new, only a few articles 
having been reproduced from the columns of the Manufacturers' GazetU, 
and in every case these reproductions have been made use of from radical 
points either of misuse, misconstruction, or some other peculiarities which, 
while all too fi-equent, we are not always able to lay our hands upon for 
ready reference. The various uses of steam cover a broad ground, from 
the last new ocean steamship to the 15 horse-power high-speed motor for 
electricity. All through the work the author has endeavored to avoid any 
personal reference, or to revive any criticisms other than so far as piinciples 
of mechanism, or a wasteful use of steam were concerned. Trials of engines 
have been for the information of the reader ; trials of indicators have been to 
obtain absolute infomiatioo for our own use, and in these cases all have been 
judged by the inflexible standard of right, without regard to the assertions 
of the several builders, patentees, improvers or venders, meaning to place on 
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record only those facte which were of impurtance in the use of this much- 
abueed, luuch-mitiLmdeFstood, and yet bo simple and accurate an iustiniuient 
aa the steam-engine indicator. A large majority of the diagrams in this vol- 
ume have beeu taken by the author's intitrumentH aud liunds. It has been 
the aim to avoid repetition oiid to introduce, as much as was possible, all the 
oonditions of adjustment, whether right or wrong, of construction or of fancy 
that might possibly arise upon any engines, anywhere, in any hind of aerrice, 
so that the book might become more valuable to those who wei'e far away 
from the builders of engines, and to make it all the more valuable to them 
as aflfording away out of any trouble into which they might be thi-own. 

The extremely extended use of the steam-engine indicator within the 
last four or five years, has called for some bo'ik from a iiractical man, which 
should not in any case toa^ly to the indicator builders, except to apply their 
instrument when ii was reliable, and would record in such n manner that the 
diagrams were of some practical value to the men who ai'e not thoroughly up 
in a wide practice. It has also been tlie aim of the author to be all the more 
guarded in offeiing instruction which should be of benefit to the only men 
for whom we are writing in general, viz., the jjarty who owns the engine and 
the working engineer in charge of it, so that these two men should be entirely 
free from the assumption so frequently imposed upon them by ignorant and 
impractical men who assume the role of experts, never having run an engine 
a day in tlieir lives. 

Every dingi'am which is presented is engraved ai nearly as it is possible 
with all the variations which the original contained, in other words, our aim 
has been not to discriminate in favor of or against any engine builder's work, 
but to produce actual fac-similes in si^e, in good or bad points, precisely as 
the originals were when ta'.ieo from the engine. The full intention expressed 
ivith reference to the second volume has not been realized. The only point, 
however, is that treating upon the eiTors of different motions, which is in 
.itself an exceedingly wide range of subjects, and requires a great deal of prep- 
aration as well as carefiU experiment. The results of incorrect motions are 
™ in several instances, and how to obtain correct diagrams is also in aev- 
instances carefully explained. 

As referred to in the first volume, it is not improbable that the third 

jne will follow the second, duiing the latter part of 1885. in which a 

[«areful analysis of motions, the result of errors in motion, and any new 

Features with reference to indicators, or possibly with reference to errors 

the different indicators wUl also be fully illustrated. Much of this work 

1 now been done. Careful study of these motions has been mode, 

iperiments are completed, but Vcl. II has grown so rapidly, by including in 

!fe eome of the lai-gest marine powers, that before we would have wished it, our 

iter has said that we have already exceeded the limit, and the book is, 

lerefore, somewhat larger than at fii'st promised. 

The aim in Vol. II has been to meet the latest practice in such a way 
it the working engineer should receive from it practical instruction, and 
that end is answered, then the real objeet of the book is consummated. 
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Vol. m will undoubtedly follow before tlie New Tear, 1886, and ■ 
illusti-ate different reducing motions, and metboda of giving motion to 
tbe Indicator. 

Tbe labor embodied in a volume of tbis kind, and especially of Vol. H, 
cannot be estimated by any one, except its autbor. It has cost thousands 
of miles of travel, any amount of jierBOual or physical inconvenience, in order 
to obta tbe information which is set forth, and the book, as presented, 
shows the latest practice in American high- pressure, higb-pressure condens- 
ing and compound of the latest steamers launched for ocean service, aa weJl 
as the steam- jacketed higb-preseure engines. 

The tables in the book have been so arranged for reference as to embody 
some new principles, and the table of ai-eaa in Vol. I having been found 
faulty, that in Vol. II baa been largely computed, and any eiTora which were 
found were corrected before its being issued. 

With the wish that tbe book may answer tbe jiurposG of a ready and re- 
liable reference to the steam-power owner, or others interested, especially 
those men in cliai'ge, we send it on its way, realizing fully that it contains 
some faults, and without doubt many omissions, but we hope also that it 
contains much which is valuable, and that the favor with which Vol. I was 
received may bo extended to Vol. II, and it is a cui-ioua fact, up to the time 
of this writing, that many employers have ordered Vol. II for their engineers, 
while in tbe case of Vol. I, the engineers ordered it for themselves. Evi- 
dently the employers have found that tbe efforts of tbe engineer towards 
self-education and a promotion, were for their interest, and we welcome this 
as a nigu of encouragement, especially to tbe stationary engineers, to con- 
tinue to improve themselves, which, we know they are doing, in many 
instances when they can ill-afford the exi>euse. " Knowledge is power," and 
a stationary engineer can control bis power with knowledge, to his own 
benefit, far better than by lack of knowledge, as so many have already found. 
The autbor will be thankful to any of the readers of this work, who will 
point out any error or who will suggest important points of practical use to 
be covered in Vol. HI. 

THOJIAS PRAY, Jb. 

New Yokk, January 1, 1886. 
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VOLUMK II. 



INTRODUCTION. 

The steam engine indicator has been an appendage to the steam engine 
that has been entirely too little understood by the majority of men who 
follow the proteasion of steam engineering. Indeed, it has not been many 
years since the indicator was considered as an eupecial profeHMiou, belonging 
to a class of men who had styled themselves experts. In many canes our 
personal contact with these men has persuaded us that they were not only 
entirely devoid of any cultivation with reference to the apphcation of the 
indicator, but that they were decidetUy deficient in theii- actual knowledge of 
Bteam; while on the other hand we have occasiotiaily come in contact vrith 
men who were in every way qualified to givehonent judgment as to what they 
found, what they saw, aud to indicate, correct, adjust and advise without any 
Bort of reference to their pocket interest, either direct or remote. Many of 
these men persuaded themselves that the working engineer was only a man 
to shovel coal or put on the grease, oU or slush, as the case might be, and 
that the expert should be called in whenever anything existed that was not 
entirely right or up to the mark. Without wishing to criticize any, we may 
premise that our own efforts, dating back to 1866, have been in the direction 
of instructing tlie working engineer to the greatest possible extent and 
, without any reserve. The attempts of some of these men to ai>e the experts 
I have been amusing, but the very large majority of them have accepted the 
I indicator as an attachment to the engine, without any of the mystery, the 
I necrecy, or other generally supposed requirements of its adoption. 

The first steam engine indicator of our own accjuaintauco gave a diagram 
Trhich was crude in outline, only an approximation in its indications, and 
nothing from wliich we could adjust the valves or tell accurately what their 
condition or relation was to the stroke of the piston ; and it was only when 

I the Richards indicator (invented and perfected by our old friend. Mi-. Charles 
B. Richards, for many yeai-s connected with Colt's Ai-mory at Hartford, 
Coon, i later with the Soutbwark Foundry, builders of the Porter-Allen 
Bsgine, in Philadelphia, aud now occupying a position to which he will do 
credit and for which he is particularly fitted — Professor of Dynamics at Yale 
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College, New Haveu) came into our hande, tliat we commenced, in tlie latter 
part of 1865, to ailjust the ralves of steam engines by tlie use of the 
indicator. If we had only been as careful then in kee])ing oitr memoi'anda as 
we aro to-day, we could produce some facts with reference to aouie of the best 
Bteam engine builders in the counti-j' that would open the eyes of our readers 
wide with astonishment. In fact, it is a matter that is kuowu to some people 
still living that we had a long, almost hond-to-haiid fight. The indicator was 
denounced, and the man who had the presumption to attempt to get away 
from the old prick-punch marks and cold chisel dents on main shaft. 
eccentrics, straps, valvea and connections, was denounced as strongly as the 
English language was capable of. In fact, invectives were freely used ; but 
all that has passed away and much credit is due to Mr. Charles B. Richards 
for his having studied the defects of the old indicator, and by the use of the 
Hichm-ds indicator eliminated many of these defects of the Bteam engine 
builders, until finally the Tei-y men, who iu 1865 were extremely vindictive, 
because their old ways of working had been declared incorrect, are now the 
men who make free use of the indicator and who advocate it and advise it. 

This change has been brought about within the twenty years covered bj 
our own practice, terminating with the issue of this Volume IL But tht 
indicator is now of use for more puTjioses than one. In 1880 we commenced 
a series of ai'ticles in a paper then edited by us, which shorily after grew into 
a large circulation, and which has done much to awaken working engineers 
to the fact that by extending their knowledge they coidd make themselves 
more valuable aud could produce higher economy for their employers. These 
men, mimy of them, have not been slow to avail themselves of this knowledge, 
and in very many cases they have been personally benefited by being promoted 
to better positions, and there are, no doubt, many others who will be rewarded 
in the same way; but it is a work of time. Employers, on the other hand, have 
been slow, in some cases, to recognize the value of the indicator and its 
application, and particularly the fact that the engineer who was familiar with 
it, was worth more money to him or them than one who was ignorant of it. 
Like all other innovations on ancient practice, the working engineer must be 
patient and must produce the results, and then no man or class of men are 
quicker than employers to find the benefit of the change accruing from the 
proper apphcation of the indicator ; then the men who can handle it with 
best purpose can certainly receive all that belongs to them. But during the 
years ixv^t employers have a great many times been seriously misled by men 
who adopted the word "expert" as a prefix or suffix, and who are really 
incompetent, and they have paid dearly for this experience, so that i"eally the 
indicator and its advocates must be prepared to outlive this reputation, 
which is no fault of the indicator, but I'ather of a class of men who live u]K>n 
the credence of others. But taking it all in all, the use of the indicator haa 
vastly extended within the last foiir or five years. 

Followiug up the improvements which have been made in the steam 
engine indicator since the author's first cannection with it (and during which 
time he has owned almost every indicator which has been manufactured, to 
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any extent at least, aud some which never should bare been mantiiactured and 
are not now), aud finally found the instnuneut which for all purposes ha§ 
given the most reliable results, including oil that is expected of an indica- 
tor, and that is, the Thompson Improved Indicator, which ia the only one 
illustrated in this volume, and which the author uses exciusively ill his own 
practice on trials for power, on tests for the position of the valves, for the 
correctness of working steam and for all purposes wherever he is profession- 
ally colled to attend to adjustment, correction, economy, or power tests ; and 
in connection with this indicator he has used everything which Las been 
found in the market, ancient aud modem, up to the issuing of this book, 
making trials of different speeds, under different conditions, with different 
pressiires, and with different pomtions of valves, and the trial has in every 
case re-asserted the correctness of hia adoption of the Thompson Improved, 
and in some cases where very serious errors were found in either one or the 
other essential retjuu'ement or relation of valve, valve action, working of 
eteam, or large variatiou iu the amount of power, under ideutically the some 
ciicuwiatances. The author desires to Btate here that he has no connection 
with any indicator attachment, engine or steam appliance, no Interest financi- 
ally, direct or remote ; and wherever comparisons are used they are used as 
matters of fact for the information of the reader and with the intention tliat 
fiuch information shall be rehable, our sole interest being to make this book 
more valuable thau any that has preceded it. 

The vfuious defects which are found in the old indicators have gradually 
been removed) some of them have beeu faults of mechauism, othcis of 
mechanical construction, whOe others have led to a change in mechanism and 
construction, and in some cases in the proportion of parts and to a decided 
change in the mechanism adopted to produce the required result. The 
lessons which follow this are very largely from our own practice. Some 
curious examples are shown, and m every cose diagrams are engraved pre- 
cisely as they were taken, full size, and con form the basis of comparison or 
can be figured from, without any reduction of proportion or percentages. It 
is proposed to introduce everything up to the most recent practice, particu- 
larly that of some steamships, the diagrams of which have never been printed 
before. Many of the matters introduced are original, particularly that of 
demonstratmg the cut-off from the actual pressure of steam from some point 
on the expansion line. Some of the methods of working out lUagnuus we 
have never seen in print before, and some of the oldest engineers aud best 
scientific men in the country have carefully gone through the demonstrations 
and pronounced them mathematically correct. All these demonstrations are 
put in plain language, without mathematical or algebraic formula, so that 
everyone can fully understand and work from them without reference to any 
of the works upon higher mathematics. Volume IL is intended to cover the 
whole ground, and there is no reference from Volume IL to its predeceasor, 
and no need of reference from one to the other for any purpose of oompat»- 
tifHL Volume IL will be found to contain a far broader scope than Volume 
L. and it is intended to be a companion to the working engineer, to a 
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Ms questions at all times, anil to answer them in such b. way that, whfltfl 
may be tlie situation or position, lie nan at ouce adapt himself and his indict 
to the ease, wiOi a certainty of correct results. 




THE THOMPSON INDICATOR.— HOW TO ATTACH IT, AND WHAT TO USK 

Figs. A and B represent respectively, A an outside view and B a section. 

In Fig> A the jiarallel motion is shown, which is now made of drop-forged, 
compressed st«el. The paper barrel is 
very light, and when taJdng oCf the paper 
barrel, there will be found inside a milled- 
head, above which ia a thumb-screw, shown 
in Fig. B. The spring of the Improved 
Thompson is coiled, in Fig. B, into the sec- 
tion upon which the end of the pencil lever 
touches ; a sleeve runs down over the 
spindle, upon which is a hook, and that 
hook engages with the inner coil of th© 
Bpring. By looHcning the tlxumb-Bcrew 
shown in the sectional view B, and grasp- 
ing firmly the niilled-head cover, after the 
paper barrel has been I'emoved. we can get 
^ any amount of tension required, clumging 
the tension according to the speed of the 
jine we propose to indicate. In section 
*^"*' ^' B, the spring is shown, the inside of the 

piston barrel, with an universal joint which engages with the lever at the top 

and beJow the piston of tlie instrument, the coils of the spring f 

nection with the steam cylinder — all precisely as 

they ai"e foimd in the inatnunent. If we refer 

again to Fig. A, there are one or two things that 

need to be noticed. The first is, that the parallel 

motion of this instrument, while sufficiently 

strong to withstand all necessary force as employ- 
ed, must be treated with care ; sometimes the 

springing of either one of these parts will make 

radical en-ora in the diagrams, luid they mutit (,, .| 

always be ciupfully lubricated. 'When applj'ing 

the pencil to the jmper, we do not use the little 

bone handle shown in both A and B, as connected 

with the shank which holds the stand of the par- 
allel motion, which brings up against the stop 

shown between the cylinder of the indicator and 

the paper barrel in botb Figures. A little care 

right here will save a great deal of trouble, inaccuracy and uncertainty. The 

end of the pencil lever is split, forming a shank which springs down upon the 
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[>lea(l 1 after the lead (lende are funuKhed already made) is pushed into this 
spring eliank and through it a little distance, having been carefully sharpened, 
then adjust this bone handle by means of the Hcrew and the stop, bo that the 
end of the pencil shall not strike against the paper ; but when we wish to take 
a diagram, haiing put the paper on the paper cylinder, turn on uteam, then 
with the thumb and forelinger grasp this bone handle firmly, hold it against 
the stop, screw it until you feel the action of the pencil on the paper, screw it 
up again so that the pencil leaves the paper, and if you do it delicately, you will 
get the finest possible diagram without any danger of injuring or cramping the 
iiiHtnuuent. Another thing which should nlways be done : get the diagram as 
nearly as possible in the center of the paper and lead off the cord from the 
pulleys shown, as nearly level and at right angles an possible. Don't turn 
them around. A gi-eat deal of distortion comes from not paying attention to 
the hints embodied in the previous clause ; sometimee parties who cannot 
afford to be deUcate in their manipulation of the indicator, bend the lever by 
jamming the lead against the paper and springing it perhaps an eighth of an 
inch or more. That is sure to distort some of the lines and if the pencil lever 
or the radial bar is sprung, then the instrument must go back for careful 
overhauling and repau-. The radial bar and lever, although made of drop, 
forged steel, are very small, and while they are strong, they will not do with 
rough usage, and yet they will withstand an amount of abuse thftt one mi^ht 
-wonder at, after having examined them. 

b HOW AND WHERE TO ATTACH THE INDICATOR. 

■ There is always a clearance in any engine we have ever yet seen. This 
ia a space between the piston, when it is at the extreme range of stroke, and 
the cylinder head ; this is variously estimated and in different engines varies 
materially in proportion of percentage to the whole volume of the cylinder. 
■Wherever the indicator is attached there must be a clear way into the clear- 
ance, BO that the piston shall not shut it off, even partially, when at the extent 
of its stroke. The usual connection is a half -inch gas pipe or steam pipe, and 
if thia is carried out, it is quite large enough ; whenever the engine is indl- 

KCSted, make sure, among other thmgs, at the very outset by " turning her 
over " that no part of the piston travels over the connection into the clear- 
ance ; if BO, one of two things must be done, either drill another hole — and 
this is not always procticabie-— or take n chisel with point so that you can 
brealE off the inside, and gi^e fully the area of a half-inch pipe without any 
possibility of obstruction or reduction. Always endeavor when tapping an 
engine to tap it so as to use the pantograph, remembering that the panto- 
graph can be used vertically, so as to make your conuectionB on the top of 
the cylinder sometimes, or horizontaUy so as to make them on the side. It 
is best to make these connections between the ports rather than opposite 
them, but sonietimes there is no choice. "Whenever these openings ore made, 

j|ake partictUar care that the inside end is clear, either with the chisel or rim- 

^ber, else you have a factor of uncertainty. It ia a freijuent practice with 
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many builders of the i-ery late years, to fumiah what is called a side-pipe and 
three-way cock with each engine. The whole thing is to be condemned, un- 
less OQ ftpproiimation in wanted for the load, for the position of the valres, 
etc., and if our readers will turn to Lessons LTI, and LVII, Figs. 116 and 
117, they will have a chance to see the position of the vaJves as shown by the 
three-way cock and side-pipe in one case, and the ehort connections in the 
other case, nothing having been moved, so far as the valves, eccentrics, etc., 
were concerned. On marine engines it is vei-y fashionable (for ive know no 
other reason for it) to take an inch and a quarter, or inch and a lialf pipe, lead 
it from the clearance at either end to the most convenient part of the cylinder, ' 
back of the side-pijieB, and there put in the three-way cock. "We have seen 
and used this upon condensing engines ^vith 12 and 14 feet stroke, and in 
one case where the steam line figured 3§ inches of the length, by the propor- 
tion of stroke on the diagram, the engineer had the curiosity as well aa good 
sense to strip his side-pipe ; two days afterwards we applied the indicator 
with short connections showing that the valves were open at the very com- 
mencement of the sti-oke and the steam line lUd not vary one-half of one inch 
when the short or proper connection was made, yet in traveling several feet 
it showed late, for the paper bari'el started when the piston started, but the 
ateam traveled from the cleai-ance through the vai-ious angles and jiorta of the 
cock into the indicator with whatever little condensation took place on the 
way, so that the motion was distorted 3f inches from the truth ; this makes 
a difference in the pressure of steam as well, so that it may be laid down as a 
rule, to avoid three-way connections if the real position of the \-alves is of any 
couseijuence, or if the actual condition of the valves is to be learned from the 
diagrams. Several instances of side-pipes are sho^-n in this volume, some of 
these would be vei-y dangerous if the valves were adjusted to bringthe steam 
lines up at right angles to the atmospheric line and still use the side-pipe. It 
would be apt to result in something quite similar in effect to that shown in 
Lesson LXIX, Fig. 135. 

It is sometimes impossible to use the short connection, but wherever it 
can be done, it is decidedly better to do it, if accuracy is any sort of a condi- 
tion towards which you are aiming for i-esults. Avoid elbows and valves in 
feed-pipes and exliaust-pipes as much as possible, always remembering one of 
the fundamental laws of all eugiueei'ing, viz. : that the shortest possible dis- 
tance from any given point to another is a straight line, so remember that 
in handling steam the utmost economy attainable wherever steam is conveyed 
through pipes, is invariably accomplished by taking the steam as direct &b 
possible and avoiding every impediment or obstruction, such as is offered by 
globe valves, reducing valves, throttle- valves, elbows, crosses, T's, or other 
angles, through which steam must pass in order to reach the piston head. 
Anything which interrupts the flow of steam causes friction, loss of pressure; 
and in every case where the pressure of steam is reduced, its volume is in- 
creased and it takes the first step towards the convendnn from steam into 
water again. 
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A POrST AS TO HOW TO MAKE THE LEAD DO GOOD WORK. 

It is much better to aharpen the lead before being put into the sprm^ 
shank in the «Dd of the lever, by means either of a scythe-stone or dry oil- 
stone, or if uothing better is at hand take a fiue file. A ix>int which is i-ubbed 
up in this way, and made emooth and clean, will last much longer, make a 
cleaner mark and be much better than one which is whittled or coai-sely done. 
The best way is always the easiest, the surest and the cheapest, all thiu^fs 
taken into account. There is do necessity for running over a large number 
of times. This much for the manipidatiou of the instrument. 

Having attached the indicator to the side pipes, which must in all cases 
be blown out thoroughly and completely before applying the indicator, be 
careful not to employ joints with red lead or white lead or any other material 
which can possibly inteiiere with the action of the piston ; then adjust the 
indicator to the top of the cocks, screw down the variable screw, having first 
put the indicator as neiuly in line with the motion aa is possible, make sure 
that all is fast and then let the steam on to the instrument gently, warm it 
up, allow all the water to get out so far as possible. While the iuHtrmnent 
is working put a. drop or two of porpoise oil on to the top of the piston as it 
comes through the cover of the ease; repeat this occasionally. Now, try the 
motion with the pantograph, pendulum or what«\-er else may bo used, and 
carefully adjust it for the sto]). The paper cylinder must not, on any account, 
touch either end of the travel against the stop, even so slightly aa not to be 
noticeable, for it n-ill distort some line of the diagram as sure as it doos. 
Having balanced the instrument, as we term it, you ore now ready to go 
jlbead. In taking a diagram, don't work with dirty hands ; you i\x& sure to 
li|3irty the iustrumeut, and the diagrams look as though they bad been in the 
rluuids of a careless man. Putting the paper about the cylinder is a litUe 
knack in itself. The paper shouJd go down sc|uare, fit as close as a glove, 
and be just as clean as though it had never been touched ; a little practice is 
requu'ed. Having accomphshed oil this, let the steam in \ don't take the 
a until after the instrument ia heated. Take the diagram first as per 
f jireviouH directions, shut off the steam, being careful not to allow any steam 
|to blow through the three-way cock, aud the moment this is closed tightly 
1 take the atmospheric line while all parts of the iustrumeut ore warm. If 
3lfl atmospheric line ia taken before the m.strument is thorougldy warmed up, 
lit will be incorrect ; if it is taken after contr»ction has taken plavo by cooling 
!^ even some time after the diagram, it will tlien be incorrect. Take the 
K^^iagram first, the atmospheric line afterwards; then, having uoted the steam 
Msure, knowing the dimensioua of the engine in diameter and stroke, and 
mber of strokes or revolutions, put all this data carefully u|>on the proper 
in the card ; be sure and add to it the scale and any memoranda which 
e necessary, and you will have progressed systematically i and if you tmve 
lowed the directions given for handling the pencil, you will have produced 
1^ iMMitifitlly-drBwn diagram, which will give you the correct working of the 
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tuicBl, or oti^^^H 



steam, the position of everythmg and its relation to the economical, 
wise, handling of the steam. 



THE 8TKAM WHICH A SPRING WILL TAKE. 

The American Steam Glauge Company give their rale as; Multiply the 
scale of the spiing by 2 J and subtract 15; the result will be pounds of steam 
pressure from the vacuum line that the spring will take accurately : as, for 
instance, 30x2^=75—15 = 60. We think this might be changed with benefit, 
for it is not always necessary to provide for the 15 pounds vacuum, and it is 
desirable always to make the indicator diagram as large as can be. For this 
purpose we adopted some years since the practice of having a set of washers 
made, which would slip on to the sleeve under the cover on top of the 
indicator piston cylinder, or upon the shank of the piston itself at the bottom, 
and these washers vaiy in thickness from j^ jf an inch to J of an inch. By 
these means we can take 75 pounds of steam with a 30 spring by fu'st block- 
ing down the pencil lever; instead of standing, as shown in Fig. A, it will 
stand nearer the bottom of the paper cylhider when at rest. There ai-e two 
things to be guarded against: never undci' any circumstances undertake to 
indicate a pressure of steam which shall be beyond the capacity of the spiing; 
for in the one case you will bi-ing up solid, and Jn the other case, at the top, 
you will throw the jjeucU lever out of a paiTkllel line by passing beyond its 
capacity, and get something which may appear to you like Fig. 135 in this 
volume. It will ilistort the lines and not do the instrument any good. 

The best oil that we can obtain is pure poi-poise jaw oil; ordinary 
mineral, animu l or vegetable oils ore affected more or less, and the porpoise 
oil, which is worth a good many dollars a quart, only requires a very small 
amount if you use. it carefully; this should be used on all parts of the 
indicator. 

Before we leave the subject of springs, it may be proper to state that 
the softest spring which can be used, and keep within the limits of its capacity, 
ia the spring in every instance that you shoidd use. The practice is becoming 
quite common among parties in this country of using 50 and 60 springs, and 
in other places of using a small diagram, the smaller the better. In every 
case keep clear of this kind of practice. The larger the diagram, the more the 
faults of the instrument are shown, if there are any, and the more the faults 
of the engine builder, if he has been careless in his construction. The only 
case where we advocate the small diagram is with engines running above 300 
or 350 revolutions. This will be refen-ed to later. The smaller the diagram, 
the less re.al reliance is to be placed upon it, and the cause of this will be 
foimd in some of the lessons on high speed, where different diagrams are 
referred to, and the real reason why the lai'ger scales should be always used 
will be found with a little reasoning. 
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CHANGING THE SPRING. 

It is frequently necessary while workiug upon ou engine, for eonie reason 
^ <» other to clmoge tlie spring with varying presHore, speed, or some other re- 
quirement. There is uo reason why this cannot be done in about one tuinute, 
providing you have the npiing where it is wanted, and understand jour work 
1 and ai-e cai'eful abi>ut it, a:id there is no instnunent we have ever seen that 
Bbegins to eompai'o with the Thompson for accessibility. Having decided, you 
■itiust cliange the spring, commence with the connection of the top of tiie 
• piston with the pencil lever, taking out the little milled-head screw, then I'e- 
lease the pencil bur from the piston, taking notice that the eai's on the piston 
connection have a screw-thread in one and a cleai- hole in the other side ; hav- 
ing separated these, then unawew the cover to the piston casing, lift the 
whole thing off, piston, spring, cover, pencil lever, etc. Be careful never to 
drop the piston upon a gritty floor, rather take it in your handkerchief o 
some other clean cloth ; now unscrew the piston from the under side of the 
b'OOTer, the spiing from the lower end of the piston, put on the other spring, 
Bscrew it on to the shank on the upper side of the piston, put it through the 
■oasing, screw the shank of the cover into the top of the eiJiing ; now put the 
top of the connecting rod so that the pencil lever will easily drop between 
■tile two ears, adjust the screw which passes through one ear, then tlirough 
e jteucil bai*, and screw into the other ear on the top of the counection rod; 
rew the cover into the casing, after having put a drop of oil ou the piston, 
md see that it works easily back into the casing, and that the piston drops 
^easOy into the cylinder and the cover goes down into the casing all easy 
together, and that the pencil lever, parallel bar and radial lever are all easy 
and none of them ai-e sprung, haring previously taken care that the conneo- 
tiona are all blo\vn out, so that no dirt can be blon-n into the indicator from 
iny of the connections. This can all be done in lesB time than it has been 
ritten in. Tou are now ready to go ahead. 

GENERAL HINTS. 

Sometimes, in taking the uidicator off from the steam connection, it may 
eive a jar in such a way that the stand which connects the piston barrel 
P'SDd the paper barrel together maybe sprang, We have sometimes found 
I this to be done. There is no necessity for it; it should never occur. If it 
I occurs, and you are out of reach of helj), you may take the thing in your own 
r Juands j but never take a diagram unless your pencil bar describes an absolut« 
I tight angle line to the atmospheric, and then it is a good plan when this 
> send it back to the shop to be pnt into the jig and examined. It 
lay have a crosswise spring, and except a diagram is accurate it is value- 

The Thompson Improved Indicator succeeds the Bichards' Indicator, 
Ewhioh has worked a revolution in engine building. When speed and other 
utters of importance come up, Mr. J. W. Thompson patented the parallel 
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motion, not shown, for it has now pmctically been diecarded, and baa \ 
displaced by the Improved Thompeon, shown in Fig. A. This instrument is 
manuioftured solely in the United States by the American Steam Gauge 
Company, BoBton. 

We call the attention of the reader to Fig. C, which is not all that we 
wish it were. It is the Thompson Improved Indicator, with the detent motion 
attached, by wliich the paper cylinder 
may be caught and held while the paper 
is changed wnthout unhooking the oord. 
This iM estreaiely Bimple; it does not 
interfere with any other pait of the in- 
strument. It is perfectly satiafactoiy in 
its working, and for people who are not 
, accustomed to high speeds or to close 
I quarters, it is a very great advantage. 
\ For oui- own individual use we would 
not have it, for we prefer to feel of the 
attachment to the motion every time we 
hook and unhook, and do not care what 
I the speed is as long as it is below TOO; 
but there are so many men who only 
take diiigranis occasionally, and ai'e not 
up in the little knacks of an extensive 
*""*" °" practice, that thia detent motion will be 

a veiy great accommodation to them, and without doubt will make their indi- 
cators work better and last longer. It ia so arranged as to be completely 
under the control of the operator, and it can be instantly disconnected if 
desired. The change is accomjiliahed by simply sliding out or in the little 
knob Been on the back of the ateaiu chest (shown in Fig. C), wliich e 
with a tooth in the paper cylinder barrel wheel seen at the right. 

GIVING TilE MOTION. 

Leaving Figs. A and C, a peculiar device is seen, for the lack of whicli 
there has been much trouble in times past. Fig, D shows an improved 
method of taking the 




, sleeve running into tile 
solid stand Bhown, the 'whole thing being bored thiough ; and the flat 
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part shown at tlte right is eecured against the bottom of the Htand by 
meaiiB of a thuiub-nut at the lower end of A, B, C. The Hleeve which 
extends into this stand haa in its uenter a groove into which the flat- 
headed thumb-Bcrew, C, enters, holding it in any position, to the right or the 
left, up or down, giving it the full swing of the whole circle, and in this way 
the motion can be taken from any point, at almost any angle that it is possible 
in the whole 360°, either horizontally or vertically. It is one of the improve- 
ments made by the Steam Gauge Company within the last two years, and ia 
the subject of separate patenta. Wherever the old plan of wheels is in use 
aa the old Thompson or the Improved Thompson, this can be subHtituted if 
required. All insti-uments now made ai-e made with the device shown in Fig. 
D, and this device, as simple as it is, makes it possible to uue the instrument 
in many places where special motions had to be arranged by the old method. 
We now coma to the 



^^P There is probably no one device which has been used 

^^ pendulum, and there is no device which is so generally 

misapplieil. These pendulums have various faults, and the 
have many vagaricH. AVe reiiently saw in a large engine-roo 
attached to a piece of iron, leading from one girder to another 



Othi 

^BrIc. 



'HOD OF ATTACHING THE INDICATOH, OR OF MAKING UP THE 
REDUCING MOTION. 

h as the old 

urs of them 
a pendulum 
a fire-proof 
arched floor, and it is no exaggeration to say that the top of the pendulum 
chattered from an eighth to a quarter of an inch wdewise, while the strap 
which passed from one girder to the other jumped up and down as much more, 
mfilring B most peculiar motion. The string was then taken off at an angle of 
10° or 15", brushing by the side of the steam-pipe, and was deflected from 
the straight line between the caiTier pulley above and the indicator pulley 
below more than one inch. It was perfectly useless to attempt to show the 
party using it that he had errors multiphed by each other into an outrageous 
accumulation, and that his iliagram was worse than worthless for any pur])0Be 
whatever. The pendulum can be used. It must be firmly fixed at the top, 
it must be strong enough in its cross section not to spring either edge-wise 
or flat-wise ; the bottom of the pendulum must in every case start from the 
actual centei- of motion, it must travel precisely as far one side of this center 
of motion as the other and not an iota farther one side than the other ; in 
other words, it must be exact. If these simple precautions are heeded, then 
te pendtdum becomes endurable, but in taking off the cord it must not be 
:en from a point near the top at an angle anywhere fn>m 1° to 120°, down 
the indicator tlirect on the cylinder. It must be takea at right angles to 
the central line of the pendulum when at rest, to a point over tlie indicator, 
And if only one instrument is to be used, the carrier imlley may be placed on 
ft line plumb over the center of the cylinder, so that the cord leaving the pen- 
ua shall leave it at right angles absolutely when it hangs plumb, and pass- 
over the pulley, there is no nficesaJty then for continuing this exactness. 
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for a little to the right or left of plumb in that t 
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t distort 11 
motion ; but if tbe first jKirtion is not at right angles, then we get dietortioQ 
of the worat kind. Tbe pendulum may be inverted by the eame precautions, 
as it ia sometimes impossible to get a pantograph between the cross-bead and 
the side of the wall ; or we have, in some cases where we could not use either 
on account of too much distance at one end and too little at the other, laid a 
pendulum on its side ; most men would not take pains with this and we do 
not therefore advise it. 

Instead of the old means of attaching. Fig. E shows what is known as 
Bacon's Improvement, being a combination patented by our old friend F. W. 
Bacon, made by tbe American Steam Osuge 
a^m |H / ~/ \" \ Company, consisting of five pieces ; the jomt- 
^P' IP / / \ \ ed links at the right are intended that the 
hinger parts should be put under the check- 
nut of the oil cup to which it may be attached 
on the cross-head ; tbe shorter parts turn ovar 
lai'h other according as the longer parts may 
In- fiu-ther apail or nearer together, until the 
liiiIeH match, through which the screw-thread 
JjU/ shank, shown at the top w-ith a hole through 
Fio. E. it, may be used for the pantograph, or the 

screw-thread at the bottom may pass through this hole and be used 
in tbe pendulum, as is shown in Fig. F. There ai'e a great many ways 
of attaching this to different engines which will be followed up. Fig, 
E hhows tbe parts in detail. Fig. F shows them attached to a pendu- 
lum, Fig. G shows the top of a post, pantograph, and the Bacon 
attachment connected to a vertical cross-head, although the cross-head 
is not shown, it simply shows the method of attachment. Fig. H shows 
the pantograph attached to a vertical cross-head and the pieces ( 
attached to the shoe at tbe bottom by 
simply raising up the nut which holds 
the slide in, and then giippiug them 
by screwing down upon them again. In 
both of these methods of attaching 
tbe pantograph, bear in mind the 
^J rale with reference to tbe pantograph. 
The post on the outside must be set I 
at esactly right angles to the center 
of motion when at rest ; in other words 
'^"*" '^^ the pantograph must travel precisely 

as far one side as the other of tbe center of motion, and not i 
have sometimes seen it, formiug the hypothenuse of a right angled 
triangle, working all tbe distance one way. Fig. I shows another method of 
connection to the Corliss cross-head, to which all the same rules apply. Pig. 
Z shows tbe pantograph and the Bacon attachment connected to a horizontal 
cross-head. 
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RULE FOR THE PANTOGRAPU. 

In ail tliese nttaclimenta of the pantograph, %Thethei- horizontal or ver- 
tical (and the pantograph can he used as well Terticallj aa horizoutally. if a 
little core he used in attuvli- 
^^^^^^^ _^^^^^^^^^^^-~ ___^ ing it, being the aimpleat 

»^^^^^^^^KS^^^^ ^^^^ ^3tUk '>^'l the most correct of all 
-^^^^^^t '^^^fei^^lB ^^^ motions known), let the 
^g,^ ^^^^~^2?^^^^^fld^^BH^I^I pantograph be attached as 
shown in Fig. J, whether 
it be the center of the croBS- 
head or one end of tlie 
crosB-head is entirely im- 
material, but let that point 
at which it is attached he 
invariably the exact center of motion. Set the out'poat stiuare with the center 
of motion, and tn no other place or position. Now, as the stroke of the engine 
varies it ia neceasary to get more or less motion, which cau be done by 
moving the peg-poat or peg arm out or in on this line, which has been drawn 
•qnarely across with the center of motion. Let the line from the peg-post to 
the indicator be at a right angle to the center of motion, or in other words, let 

^ihe line which connects the peg-post of the pantograj^b with the paper drum of 
the inatrument, he as nearly parallel with the piston rod as it is possible to 
^t it. If these two simple rules are observed, any engineer can obtfun a 
diagram which is mechanically, geometrically, and mathematically as correct 
as any other man on earth can do it. "We have frequently said before diflfer- 
ent audiences, written it ovei and over again : the indicator diagram, the valve 
motion, the pantograph or the pendulum, are only and simply a combination 
of right angles. If everything ia done exactly on the squai'e, everything els© 
will be exactly right, whether yoa we working for the jiositiou of valves, uoe 
of steam or anything else; the indicator 
diagram In this case with these two sim- 
ple rules observed, will be a positive 
quantity, perfectly reliable, and if these • 
two rules are not observed, it in as ] 
fectly and as completely worthless 
it is possible to be. 
^m Fig. K represents the pantograph * 
I^IBore in detail, with letters of reference. 
This simx)1e arrangement, like so many 
other things, we are indebted to George 
H. Corliss for. It has a great variety of nomer 
"lazy tongs," "long legs," " pantograph ;" it was c 

ieT6 Mr. Corliss himself terms it his " drum motion." It consists of 
if more or less than a system of levers ; these levers must be absolutely 




it has been called 
riginally called and we 
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of the flame Icuptli. those sliovm at A lieing double and those at B b 
single. These are pivoted by means of hollow pivots and washers which are 
bunhed. The hitch strip is ehown at 
G and the stud-pin or bitch-pole F. 
When the pantograph is properly ar- 
i-anged the stud-pin F is in the line 
between C and D, which aie the two 
ends of the pantograph, oue being the 
dead end D, which ia fastened to the 
post, while C is the live end or at- 
tached to the croGB-head of the engine. 
The point C attaches, where Fig. E is 
used, to the two links connected to- 
gether, BO that the pin at the end, C, 
readily drops through them. If the 
links have to be used ho that they stand 
vertically, then the little sci-ew-bead, 
I shown in Fig. E, is attached by means 
of the thumb- nut and the taper end at 
C drops into this screw-head, turning a 
vertical into a horizontal bearing, the 
) least variation in the location of the 
pivot-holes in the ■' lazy tongs " or pan- 
tograph will be met by an absolute 
k refusal to work at all. and we have no 
doubt that some of our engineers or 
mechanics who have attempted to make 
FIG. J. a pair of " lazy tongs," have had lots of 

fun out of it, and nobody else been any the wiser ;. whether they enjoyed the 
fun or not. we do not know. Correctly made, the pantograph is complete, but 
with the slightest variation ^ 

from correct, it is like the 
diagram fi'om a distorted 
motion, absolutely incor- 
rect and worthless. 

In applying the panto- 
graph, let the end C drop | 
into any point on the croes- 
head to which you can at- 
tach, or any one of many 
ways which will readily 
suggest themselves to the 
mechanical engineer. The 

eud D may drop into the top of the post, or wo frequently build ourselvEB a 
little stand of inch boards, foiir inches wide, braced, and then get two op 
three hundred pounds of old iron or anything else which is heavy, and when 
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9 get it in line, weight it dowD, square it, have the points C and D exactly 
level so there will be no weave or etrain, or crose motion which will vitiate 
the correctness uf yonr diagram. The line from C to D must invariably 
be at right angles to the line of motion of the cross-head, and absolutely in 
the center of motion ; then shove your post at D out or in to get more or leas 
motion ; put the stake-pin F wherever you want it, and set tiiia peg F so that 
the line from that to the indicator shall be parallel to the piston or parallel 
to the line of motion of the cross-head. If you caunot do this, or if from 
any cause it is necessary to have the peg-pin, hitcb-pin or stake pin, F, 
further away from the cylinder than the indicator onnections are, imme- 
diately set up a second littk- stand, and take the cord from the peg F 
parallel to the motion of the piston and around the guide pulley to the 
indicator. Whenever the pantograph is properly put up, every point on a 
line from C to D is a positively true motion, parallel with the guides, varying 
fi'om notliiug at D to length of the stroke at C. "Wherever engineers wish 
to use one motion for several eugiues there is nothing better than a piece 
of gas-pipe, ground off, with au attachment wliich may bo fastened with 
a set-screw to sUde up or down to fit different engines ; to thia at- 
tachment may be fastened a socket to catch the D end of the panto- 
graph while the other catches into the cross-head. By means of a T on the 
top of the piece of pipe, which has a flange at the bottom for screwing to the 
floor, are connected two side pipes standing at a right angle to act as braces j 
this can be attached to any engine or flange, screwed down, the braces squared 
and screwed down, the piece that slides up or down put at the proper level, 
the pantograph hooked on and you are all ready to go ahead. 

SLIDING LOOP. 

There are all sorts of hooks, slips, knots, aad other matters used for 
connection ; untU within the last few mouths we have invariably used the old- 
fashioned, flat, sliding loop, which is about as nearly worthless as 
anytliiug can be. While doing some work for one of the lines of 
steamers, our attention was called to a crude idea by the chief- 
engineer of one of the ships which we have put into shape, and 
is shown at Fig. L. This is so clearly shown that no descrip- 
tion is necessary ; it is a piece of brass tube, spun over at the end, 
finished, holes bored through it and finished, and it is the only 
thing in the way of a sliding loop we have ever seen yet that was 
worth talking about or using. The American St«am Gauge Com- 
pany make them, there is no patent on them, and any one has the 
right to make tUem. We prefer always to use a plain hook on the 
end of the indicator cord, which is attached to the paper barrels, 
having means of adjusting by uhc of this sliding loop from 
. L. large to small or long to short, using as little cord as possible, 
»|Borfl especially on a high-speed engine. We prefer this adjustment to 
; we have ever seen, for where we are working with wat«r steam, 
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more or less beat, oil, or any of the other flccompamments, no cord will 
retain its pOBition for any great length of time by any device we have ever 
used, until we adopted Fig. L, and Bume method of ready adjustment la nec- 
eBsary. "We have previoiiely referred to the adjustment of the paper barrel 
by means of the cord, and now having proceeded to obtain the diagram, if 
the directions have been followed, we are ready to commence the computation 
of the diagrams. 

THE DIFFERENT METHODS OF COMPUTING THE INDICATOR DIAGRAM. 

The indicator Diagram, having been taken, should bear on it memorajida 
taken with each and every diagram when it comes from the indicator, wher- 
ever the work may be performed ; thia data should bear upon each diagram, 
or each pair, the diameter of the cylinder, the length of stroke, the revolutiona 
per minute and the scale of spiing with which it is taken, for these are the 
most important elements and without them the diagram cannot be correctly 
worked. 'Wherever it ia possible to ascertain the percentage, the clearance 
should rieo be noticed. Many engineera of late have accustomed themselves 
to ascertaining the clearance of their engine so as to know precisely what the 
amount is. It is also a good plan to carefully note the pressure of steam in 
the boiler by the gauge, and also to notice whether this gauge shiill be 
located above or below the line of the cylinder, and whether there is hanging 
on the gaiige a column of water in the siphon several feet in length, or in the 
vacuum gauge, how or where it ia connected, for we frequently find very 
radical differences between the pressure in the cylinder and the pressure as 
shown by the gauge. All these items of data ai'e particularly necessary, for 
if they ai"e clearly expressed, we may then judge pretty well of various 
peculiar points which so fretjuently oeciu" on the diagram, and having the 
data at hand, we can in every case base our judgment upon fact, and know 
how a certain falling off or back pressure or any peculiarities of steam or ex- 
haust will be explained by comparison of the data with the fact. 

WORKING UP THE DIAGRAM. 

If the motion has been properly attached to reduce the stroke of tiie 
engine, we shall have an accimite card, and without it is acciu^te, it is not 
only valueless but a waste of time. Endeavor by all means to keep the card 
clean and to avoid the possibility of any mistakes. The general unit called 
for is the horse-power of a diagram ; the unit of horse-power is 33,000 pounds 
lifted one foot high in one minute. For this reason we use the length of the 
stroke, the revolutions per minute and the mean pressure of the diagram, and 
then by computation, obtain the horse-power. Having our diagram before Ufl 
we proceed to work it up, and the working up simply obtains the mean 
pressure from an irregular form. There ai'e several ways of working up an 
indicator diagram; the one most generally in use, up to five years ago, was 
dividing the diagram into ten ordinates or lines at right angles with the 
atmospheric line, and at equal distances from each other, and then measuring 
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J the same scale with which the diagram was taken, the pounds of pressure 
upon each one of these ordiuates, which was exerted on the piston, then 
dividing the aggregate \3j the number of amounts, giviug the average or mean 
pressure. But this was crude, it did aot take into account little differences 
which exist, and while not very far &-om correct, 'it was far enough to make a 
very considerable difference as between the correct computation and the one 
practiced ; heitce, this has bceu discarded for general use. 

Another way, which is virtually the same thing, was to take a narrow 
strip of paper, perhaps one-eighth or one-quailer of an inch wide, and mark- 
ing the steam pressure on the first ordiuate from the end of the paper laid on 
the atmoHpheric Una or line of back pressure, then put the fii-st mark on 
the atmospheric line or liue of back pressure of the second ordinate, and 
mark the top of the second ordinate by another short mark of the lead pencil ; 
in this way we are simply adding them together. When all the ordiuates have 
been measured tmeosure them In inches), multiply by the scale of the spring 
as 20, 30, 40, and divide by the total number of ordiuates measured, and you 
have the mean pressui'e. But this has virtually the same inaccuracies as 
the first method of measuring. 

There is still another way by which many diagrams have been measured, 
and that is a Hort of general average ; taking a piece of gloss with a straight 
edge, it is placed below the steaiu liue and above the lower part of the ex- 
pansion liue, until the two quantities apparently balance each other and a line 
drawn acroas the length of the diagram ; its height found, multiply by the 
scale, this gives the mean pressure. But this, too, has been discarded and 
For the lost few years the plonimeter has been used, and is the only correct 
way to work up any diagram ; the fact that it is named planimeter is another 
way of expressing the fact that it is for measuring plane surfaces without 
regard to how irregular their form may be. 

Fig. M shows a modification of the Anisler Folor Planimeter, as made by 

the American Steam Oauge Company, Boston. Other forms of the instru- 

ment may be bought if desired. The proper use 

of the plauimeter will reduce any irregular surface 

to a parallelogram or square by observing its reading 

carefully, measuring by means of the pointer, and 

then reading from the index wheel and vernier and 

obtaining the value as indicated by simply adding or 

subtracting. The point at the left is a needle point, 

which should simply be set into tlie paper on which 

it is used, and it is better to use a medium, rough, 

brown paper or blotting paper, something which is 

not calender finished on the stu'face, than to use a 

smoother paper. Having fastened the card, as shown 

in the cut, by a couple of j>in8 or tacks, commence 

\ any point you choose, 8imi)ly making a mark with the point of a pencil; 

) the point, shown at the right, over the line of the diagram in the 

ition of the bands of a watch, or from right to left on the line whidi is 
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shown. Having pinned the diagram down on the paper (which, by the n 
should be upon a smooth board or surface), next adjust the planimeter so that 
the index wheel, which ia graduated about itH eutii'e circumfereufe, nhall not 
meet with any obstacle in its course, or aiiytliiiig to interfere with a perfectly 
free motion. Now obtain the reading. There are a series of figures about 
the circumference of the index wheel, from one to zero, making ten lines ; 
each one of theae divisions has teu 9ubdi%"iaious, while the vernier, ahowii at 
tLe left of tlie index wheel, has eleven di^'i^ious lit exactly tlie same distance 
that the large wheel has ten, so that wherever the index wheel stops one 
division on the vernier will be bound to con-eapond with a division on Uie 
index wheel. We will suppose we start oui- reading and that the figui-e 3 ia 
past the zero on the vernier ; we then count that 6 above 3 is a trifle below 
zero on the vernier. We now cross over on to the vernier and find that 3 oii 
the vernier exactly coincides with a division ou the wheel. This luakes om 
reading S63. We now travel the index point at the right, around the 
diagram, until we stop at the same jsoiut from which we started. We now 
find that 5 has passed below zero ou the vernier, and that the third line above 
6 has also passed; then i-umung up the vernier, we find that 8 stands exactly 
coincident with a line on the index wheel. We have our reading then 538 ; 
subtract the first reading from this, the result is 175. Now repeat the opera- 
tion two or tlu-ee times until you get thi-ee readings, which may be 175, 176, 
174; they will vary exceedingly httle if you pay careful attention to following 
the lines. The average of these three readings is 175, which ib correct. 
There is no necessity, although it sometimes saves trouble with a beginner, 
or doubter, to place the zero on the wheel against the zero of the vernier in 
starting. If this precaution is considered necessary, a few trials, without com- 
mencing every time at zero, will convince any one that it is entirely unnecessary. 
We first read from the index wheel the figure which has passed the zero on the 
vernier; this we will call hundreds. Then count the lines up until you find 
which one has passed zero between that and the next figure; this is tens. 
Then follow the vernier until a line is found which precisely coincides with a 
line on the wheel; this is units. The instrument is exceedingly simple, and 
there can be no mistake whatever if cai-e is given, tor the reading is just like 
that of a clock or watch — may be taken at any point through the day without 
figuring from twelve o'clock or six o'clock. This gives you the area of the 
figure in square inches or in fractions of a square inch. In case you read so 
that zero on the wheel completes the circuit and passes zero on the vernier, 
you must then prefix 1 to the hightest number previously read. If in the 
case we have just cited we are working on hundreds, your first reading should 
be 175, the second 350, and so on until zero passes; you would then prefix 1. 
which would make it thousands instead of hundreds, and if it passes again it 
becomes two thousands instead of one. A little pnictice with the instrument 
will familiarize any one, and a little pains taken to familiarize yourself 
with the reat-ling will shortly put you in possession of the key to it, all which 
is so plain that no mistake need occur. The iustninient will work jirecisely 
aa well backward, but unless care is token, and you should obtain a diagram 
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wbicb bad a compreenion loop at the top antl od expansion loop at the 
bottom, you might get a uegative result which would be incorrect. So, until 
you are familiar with it, always work it like the hands of a watch or as shown 
in the cut, from right to left, following the diagram around in the same 
direction -. there ^-ill then be no possibility of trouble. The planimeter does 
not make any allowaut-e, but if the work ia correctly done you hare at once a 
correct rcMult from the outline, and by the use of the planimeter the different 
areas of the diagram may be neparately measured with perfect exoetneBS, bo 
as to ascertain the value of the vacuum apart fi'om the steam, or the high 
pressure and low pressure cylinders of the compound can be very accurately 
measured, without any regard as to whether they are all taken on the same 
scale or not. 

Another point which is frequently one of great interest, is to measure the 
difference between the power in the condenser, taking the vacuum gauge, and 
the result as given by the indicator in the condenser. The line can he drawn 
to show what would be the result in caaB the pressure — as shown by the 
▼acuum gauge — was realized in the cylinder; so you may get the actual as 
oompai-ed with the gauge result, and in this way make comparisoDS showing 
the absolute value of any factor which is contained in the diagram. 



TO ASCERTAIN THE POWER FROM THE PLiVNIMETER READING. 

Many of the diagrams illustrated in this work have lines at the steam end, 
and release end, which are erected at right angles to the atmospheric line and 
line of vacuum. The length of the diagram, without any regard to its form, 
whether there be a heavy compression loop on the steam end, or an expansion 
loop on the other, or any imperfection in release or exhaust. — the length of 
the diagram is the extreme distance from the very ends, and if a little attention 
is paid to the way these lines are erected, there will he no necessity for any 
difficulty in getting at the exact area; for, wherever a compression or 
expansion loop is contained in the diagram, start at any certain point and 
follow the diagram line as the indicator made it, and the loops, which are 
resistance, will be taken out of the area by the instrument without any further 
care on the part of the manipulator. 

Having accomplished the measurement of the area, we now desire to 
compute the power. In order to save a great many figures it is better to 
compute a constant for each pound of mean pressure (even if at different 
speeds) instead of having to do this with every diagram which is worked up. 
This is produced as follows: Take the area of the piston in square inches, 
multiply this by the number of feet traveled each minute, and divide this ro- 
cmlt by 33,000: the result will be the constant which shows how many horse- 
powers, or what fraction of a horse-power, is yielded by every pound of mean 
pressure on the diagram. Having the area of the diagram in square inches 
at fractions of an inch, divide the area by the length in inches or fraotioDS 
C'of an inch (farther on in this work will he found a table of fractions 
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of an inch, decimallj expreesed, for convenieiit reference), — Uie area divided 
bj the length of the diagram gires a result whieh may be a decimal or 
otherwise. This is to be multiplied by the Rcale of the spring ior tlie mean 
pressure; then tlie mean pressure multiplied by the eonstiint (directions for 
which are given above) gives us at once the horse-power, and iu the simplest 
possible way. 

If we have, for instance, a diagram measuring 450, ivhich is equal to 4.50 
square inches, and which is 2^\ inches in length, see the table and find that 
■^ equals .4375 inch. Now, the area 4-50, divided by 2.4375. equals 1.846, 
which means that a parallelogram 1.84f) inch in height would be exactly 
equal to the irregular figure which lias been described by the indicator. If 
■we have been working with a 30 scale we have only to multiply this 1.846 
inch by the scale 30. which eijuala 55.380 pounds of mean pressure; multiply 
, this by the constant or number of horse-powers -which eveiy poimd of mean 
pressure gives, and you have then the horse-power of the diagram. 

It is frequently a matter of satisfaction to the beginner, in the use of the 
planimeter, to have something with which to test. This can be very easily 
arranged by drawing a circle with a pair of pen ilividers, one inch in diameter, 
or any other sized circle that may be desired (we mention the cii-cle because 
it is more easily drawn correctly, as a general thing). Having this, measure 
it by the planimeter and then see if its reading agrees with the table of areas. 
This will always give you a test gauge. 



DIFFERENT FACTORS IN THE DIAGRAM. 



It is frequently necessary to ascertain the amount of back pressure in 
horse-power, which can be done if the atmospheric line is perfectly taken 
and the diagram is also correct. The amount of vacuum in comparison with 
the amount of steam worked, or the loss in vacuum — all of these are interest- 
ing features; while if the reader will familiaiize himself with the theoretical 
curve, as applied to any diagram shown in the lessons further on in the work, 
he can then see what amoiuit of steam, properly handled, would have done 
the same or more work, perhaps, than is shown by the diagram from which he 
is working. The planimeter is invaluable for all this. To get the percent- 
age of the condenser work, as approiumating the theoretical, erect the 
absolute vacuum line, and then measure the exact amount of vacuum as shown 
by the indicator, and it is very easy to immediately convert the actual into a 
percentage of the theoretical, taking the theoretical vacuum at 14.7 pounds. 
Comparison of realized pressure with boiler pressure is frequently an inter- 
esting matter. Erect the line of boiler pressure, from which you can carry 
all computation, so as to get at the actiial and the theoretical. The plan- 
imeter measures these irregular forms with absolute correctness, if the o 
works with care in tracing the lines, and in a fraction of the time that Tt 
be necessary by any other method. 
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NECESSITi' OF RELIABLE DATA, 

There ia frequently a gi'eat deal of ambigtiity about information obtained 
from i>eople in charge of different engines. "Wherever a man is sent to work 
with an indicator, there ia only one correct way: Pull off the cylinder head, 
meaeiu'e the cylinders aud the volume of clearance, and make everything as 
near correct as possible, for very slight differeuces are frequently fatal to the 
report on the case, and carelessneaa ia entirely inescusable, guess-work or 
assumption very much more so, and we have seen old and intelligent 
engineers thrown out of court vei7 abruptly, because of some radical error, 
even though trifling in extent, shown in their report, where they had, to save 
themselves a few hours' hard work, assumed that because one part was one 
size, the other was the other, or some other equally trifling matter which was 
more than vital to the case. While some more careful man had shown in 
details that such difference existed, and by that means had thrown doubt on 
the whole of the work of the careless man. CorrectneMS in every possible way 
is an element of value, and a lack of care or thoroughness makes an indicator 
diagram absolutely worthless. 
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OF LAVIXG OUT THE THEORETICAL CURVE BY ORDIKAtl 



I 



Fig. 6 was drawn by Mr. Bacon to illustrate a simple and correct method 
of delineating the theoretical curve of expansion, which we shall take, as it is 
properly lettered, upon which to commence our lessons in the general uses of 
the different lines, and this will be frequently referred to ; it will therefore be 




well for the beginner to familiarize himself with reference to this particular 
figure. For the time being we shall confine ourselves to the outlines bounded 
by the letters A, B, C, D, E. The line A E represents the true vacuum line; 
the line A B the admission line ; B C the steam line ; C D the line of expan- . 
sion; D E A the e.\haust line, and as this engraving is made, it represents 
exhaust and \'acuum lines, while the line bet^vcen D and E running the whole 
length of the figure and seen above A, between A and B, is the atmospheric 
line of the instrument or of a high pressure engine These, in brief, are the 
various lines of any high or low pressure engine. No matter what form the 
diagram may take, whether it be a finely proportioned one or one that may be 
fuU of errors, these lines, in some relative proportion, all exist in every 
Indicator diagram. The admission line in this case is very nearly perfect, — 
in Jact, loo nearly perfect, — and it would not be advisable in changing the 
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valves of an engine 10 ever produce an absolute right angle for an admission 

line, except in a very slow moving and low pressure engine ; for in a high 

pressure, fast moving engine, there wouki be a certain shock by the production 

of a line of this sort on the Indicator, and it is much better to confine a small 

amount of steam by shutting the exhaust valve so as to put in compression or 

cushioning. This would be done by shutting the exhaust valve between tlie 

figure I and A on the vacuum Une, so that the line, instead of starting from A 

to go to B, would start from a point between A and the figure 1 and gradually 

rise one-quarter or one-third of the distance from A to B. The line of which 

"ffe are speaking is not represented in the engraving, but would be represented 

in about the manner we have described. This is very much more advisable in 

Lfast moving engines, from the fact that the steam thus confined costs nothing, 

und it is much better to assist the piston in coming to a stop without having a 

Midency to go any further, if it were possible. It prevents a strain upon the 

(onneclions antl really assists the whole thing to come to a stand-still while the 

ink passes the absolute center. 

As we j)rogress in this study of lines, a very considerable change will be 

Hwiserved in the steam line as well as in the admission line. Upon this point 

of admission tine a great many good engineers run away with the theory that 

ihey can tell as well by the lead of the valve, as by the Indicator, what the 

steam line of an engine is. It is just as well to disabuse yourself of any 

■reconceived ideas, for they are simply and only guesses, and no living man 

1 tell anything about the lines made by the action of the steam in the 

Minder, by any marks, figures, or computations, and only until he applies 

Indicator, does he kntrai anything about what is going on. He can 

»rize and suppose, but it is simply and purely theory and supposition. 

lothing actual or absolute about it. 

We now come to the steam line, B C. The diagram here represented is 

Biwe which is like what would be taken from an automatic cut-off engine in 

Kwhich the point of cut-off is controlled by the action of the governor, either 

f changes in the pressure of steam or by changes in the load. This class of 

^■diagrams is different from those of other engines. This may be described as 

admitting the full pressure of steam for a limited amount of stroke, — the 

steam is then cut oil and expansion finishes the stroke. The other classes, or 

groups, are described by a valve having an in\ariable motion, but with more 

or less lap, which closes the valve for a portion of the stroke, always cutting it 

F at a certain fixed point, the pressure being changed by the throttle -valve 

f the regulator. 

There is still another class, which is virtually a subdivision of the one we 
IBve last mentioned, in which the motion of the valve may be changed by 
ind, either by link motion or an independent cut-off gear. Both of these 
I use a regulator in the pipe which governs the pressure of steam 
nined through a portion of the stroke ; that portion of the stroke n 
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consiant — it is always the same. This is the case in the Hunioon, Jud: 
Waters, and many other governors of that class, which regulate by means of 
a valve in the steam-pipe, governing the amount of steam required by a fixed 
motion of the valve, instead of, as in the previous case, the automatic cut-off, 
like the Corliss. Lawrence, Porter-Allen, and others, in which the full boiler 
pressure is admitted for a length of the stroke, which is controlled by the 
governor. 

There is only one other class of engines, and that is the old style plain 
slide valve engine, having an invariable motion without lap of any amount, so 
that the steam follows the piston for nearly the whole length of the stroke. 
In some cases, the mean pressure in the cylinder is adjusted by changing the 
point of cut-off, as in an independent cut-off gear ; but these engines are only 
applicable to work in which there is very little or no variation in the load, and 
they are not at all applicable to the modem system of working, where accuracy 
in the speed is one of the important requirements. 

In the consideration of these various classes of engines, we shall first look 
after the automatic cut-off. because it is the most effective, the most economi- 
cal, and by far the most used. Its lines are always defined. They may or 
may not be correct, but in some of the classes to which we have referred, it is 
extremely difficult to ascertain where one of the lines commences or another 
one leaves off. 

The steam line, B C, is one of the important Unes of the diagram. It is 
very frequently the case that the line, B C, drops away from C, sometimes 
more, and sometimes less. The engine that comes nearest to good prac- 
tice will maintain its steam line as nearly as possible to a straight line ; and 
wherever any considerable variation is found, it may result from one of several 
causes — principally two causes; the first maybe an insufficient supply from the 
boilers to the chest of the engine — that is. the steam pipe is not large enough, 
or the valve may not be as large as the pipe ; and, in the other case, to a very 
late and incorrect opening of the steam \'aive. In either case, the lack of a 
good steam line is a lack of economy. The opening of a valve, or an insuffi- 
cient area in the ports, may also combine to produce an imperfect, throttled. 
or wire-drawn steam line upon the Indicator diagram. The steam line should 
therefore approach closer to boiler pressure, and should be as nearly as 
possible at right angles from the line, A B, until the cut-off valve closes. The 
piston, in traveling from B to C, is influenced by the total boiler pressure. 
When the piston, in its track, reaches the point, C, the steam valve is closed. 
Now commences the line of expansion. The perfection of this line depends 
upon various and important causes. The cut-off valve should close instanta- 
neously ; the valve, in its action, should work quick, or else we shall have an 
exaggerated expansion line ; because, if the valve works slowly or imperfecdy, 
it will commence to reduce the pressure, and will still be admitting steam, so 
that the line of expansion may be plus at one point and minus at another. 
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Hirhen proved by the theoretical curve. Only the Indicator can tell us whether 
the engine is constructed properly, or with a capability of doing this properly 
and correctly, — and when the valve closes it must be tight. If any steam 
leaks, or is drawn under the valve after it is closed, it is a waste of steam, and 
is certainly not an improvement upon the working of the engine. But these 
points must be treated upon as individual cases rather than as collective ones. 

We now come lo the consideration of the line. C D, — which is the curve 
formed by the expansion of the steam from a higher pressure to a lower one, 
by increasing the room in the cylinder, by the motion of the piston, from one 
end to the other. This is usually known as Mariotte's law : that the pressure 
of steam diminishes in proportion to its volume ; in other words, that steam, 
at joo pounds, expanded into double the room, would give a pressure of 50 
pounds ; and into four times the room, 25 pounds. The use of the theoretic 
curve is a very considerable and \'aluable one ; but only as a means of com- 
parison, no man has yet shown that steam does expand as Mariotte laid down 
the law as given. By its proper application we erect a theoretically correct 
diagram, — in other words, a perfect diagram. Now, the line of the perfect 
diagram, if properly done, with the proper data, shows what the engine should 
have done with the amount of steam and the ratio of expansion, as applied to 
that individual circumstance. In this way we get a theoretical diagram erected 
from the data of the actual diagram, and we can then ascertain whether the 
actual diagram is a large or small percentage of the theoretical. The cur\e 
erected from C to D. illustrates Mr. Bacon's method of easily ascertaining just 
what the theoretical curve should be. The ordinates are here erected, making 
ten spaces, or divisions ; he cuts off the steam at the second ordinate. If the 
pressure be sixty pounds from A to B, and be maintained from B to C, it is 
cut off at two ordinates, The pressure at which the next ordinate should 
measure is two-thirds its former; and then, as will be seen by his method, 
two-fourths, two-fifths, two-sLxths, two-sevenths, two-eighths, two-ninths, two- 
tenths. Theoretically, this is correct If the curve given by the instrument 
should be above the theoretical curve, we conclude that the steam valve leaks. 
But if we find the curve made by the Indicator falling below the theoretical 
line, we are certain that either the piston or the exhaust valve leaks, or that 
we have discovered something new, — which is not likely, however, to be the 
case. This line varies gready in diiferent engines. 

To apply the theoretic curve to any diagram, add the clearance between 
the piston and cover, or head of the cylinder, to which add the area of the 
ports and passage ways clear to the face of the valves ; reduce this clearance 
to cubic inches, then ascertain the actual number of cubic inches in the stroke 
of the cylinder, and get the percentage or proportion of clearance to the vol- 
ume of cylinder. If the stroke of the cylinder has two thousand inches, and 
the clearance is fiftj- inches, the percentage will be one-fortieth, or two and 
one-half per cent. ; now add one-fortieth to the length of your diagiam, then 
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draw the line of perfect vacuum, from which all the calculations must be n 
Whetht-r the engine is high or low pressure makes no difference. Having 
added the clearance line, and the line of perfect vacuum, then divide the 
length of the diagram into ten parts, or spaces. If the steam is expanded. 
four times the terminal pressure will be one-fifth of the initial. This will be 
above the atmospheric line of the instrument — not above the true vacuum line. 



LESSON 11. 



In this lesson two diagrams are shown, which are as radically differ 
is possible, in the action of the valves and the steam, so far as principle is con- 
cerned. In reading these diagrams, it is necessary to remember one point, to 
which we have previously referred ; that ir, that the Indicator, when properly 





applied, records absolutely the performance that is going on inside the 
cylinder. We must educate ourselves to read these lines properly and 
correcdy. The Indicator is simply a mechanical appliance. It does not, in 
any event, do anything more than record the processes which are taking place 
inside the cylinder. We must properly apply and manipulate it, and then 
draw our deductions from its lines, from knowledge gathered from experience 
and contact with it. 

Fig. 7 is a diagram taken from a Corliss engine. The real vacuum line 
has been drawn, while the atmospheric line extends from O, on the right, to A, 
on the left. Two lines are erected, one of which is the right angle from which 
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re the length of the diagram ; and the line at the extreme right is the 
clearance of the engine, added for the purpose of putting in the expansion or 
theoretical cune, which is shown by the dotted line. This diagram, in itself, 
is quite a study. Theoretically, it is almost absolutely perfect. Four motions 
of the piston are recorded by the pencil mark of the Indicator, and if careful 
attention is given to the dotted line, it will be seen that the valves of the engine 
were almost absolutely tight; that very little condensation took place, and that 
the termination of the correct expansion curve at A, is as nearly correct as it 
is possible in actual practice to obtain one. This diagram is divided in two 
directions — the lines from right to left being at five pounds, with the scale 
used, so that the pressure at any point upon the diagram can be shown without 
using the scale. The ordinarily used ordinates, and the clearance line erected, 
complete the hnes of the figure. If we study the hues near the upper right 
hand corner, the line drawn by the pencil of the Indicator is at a little distance 
from the inner line of ordinates. A little space will be seen between the inner 
line and the steam line near the figure 75. Whatever proportion this distance 
shall bear to the whole length of the diagram, just that proportion of the 
stroke the piston had moved on its outward travel before the valve opened 
sufficiently to admit the steam to the pressure denoted by the line. In other 
words, steam was admitted somewhat late. This is a very common observa- 
tion where engines have been running any length of lime. The steam-line of 
this engine, as we have before stated, is almost perfection. It does not 
diminish in pressure, but follows along very squarely, and wherever liie valve 
closes, or cuts off, the pressure instantly drops, the corners are very little 
rounded, and in the expansion line it will be seen that very little expansion 
occurs. The serrations in the line at the second ordinate, between the figures 
40 and 67, may be made by either one of several causes ; it may be due to a 
trifling oscillation in the instrument, to the presence of water, or to a very 
insignificant leak : we are supposing the instrument is in perfect order and 
condition. As the ratio of expansion increases, the line more closely follows 
the theoretical line, and it will be noticed that the four lines are all merged 
into and apparendy cross one another at almost ihe same precise spot. Had 
|hc Steam valve been leaking, or had there been much water in the steam, the 
e under the figure 7|i would have risen considerably above the theoretical 
— and this is very commonly found, — but in this particular case the 
tlves were tight, and the line continues down to its complete expansion, or 
mination. almost absolutelv. 

8 is a ver>- different diagram, and was taken from a steamship engine; 
and this may properly be termed one of the vicious forms, or at least a vicious 
diagram ; and even now, we find some men so antiquated as to advocate this 
method of working steam. It must be read, not from its comparison with the 
other, so far as the Indicator goes, but as an absolute result given by the Indi- 
cator of what was being done in that en^ne at that time, and we can then 
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compare it with Fig. 7, each diagram being the positive producdon of a differ- 
ent engine, given by the same Indicator, perhaps, just the same as a pair of 
scales would weigh a pound of sugar or a pound of nails. The work done 
by the scales is simply a mechanical result, while the matter, which passes the 
hands of the operator of the scales, may be as entirely dissimilar as sugar and 
nails. This diagram has in it some very peculiar points. 
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Fig. 8 is taken upon a scale of twelve pounds to the inch. The 
D B, is the atmospheric line, while the line, C D, is the hne of per 
uum. We have previously spoken of compression. It is illustratec 

diagram, and we shall commence at /", in the right hand comer, where 
on, on its return stroke, in passing f, commences to compress the st 
ch the closing of the exhaust valve has confined. The operation in 
■ would seem to reach about five pounds above the atmospheric line; a 
steam -valve has opened, and the steam is admitted, carrying the pressur 
. Then the piston starts upon its forward stroke. The continued oper 

he valve maintains the pressure at almost the initial point. When 
on has traveled forward to e. the steam-valve commences to close, 
tinues to dose, but the actual point of closing cannot be ascertained 1 
diagram without geometrical delineation ; but had the valve been prop- 
edatc, — as it should have done with an automatic engine, — then the do 

eg. would have been approximated very nearly by the steam-line. 
s, eg. being the theoretical expansion curve from the point, f, and the 

the real expansion curve of the engine. At d the exhaust valve c< 
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mencea to open and the condenser to do its work in producing a vacuum. 
The vacuum in this case is about twelve pounds. The notch in the line, 
between e andy. is caused by the fact that the air was expelled, or that the 
condenser had then produced its maximum effect. The line here, ef, will be 
seen to drop from 9 below to i2-(-- When the condenser takes hold at d, the 
steam has expanded to only two pounds above the atmospheric line, the 
piston has not reached the full length of its travel, and the condenser seems 
not to have the capacity to take and produce a prompt vacuum. When the 
engine reaches its center, on the outward stroke, it will be seen at q that the 
line of the instrument drops vertically. At e, the piston has commenced its 
return stroke. Only nine pounds vacuum has yet been attained. As the 
piston travels on its return stroke, the condenser commenced moving again, 
and the vacuum is steadily reduced from 9 to 12 in about one-seventh of the 
return stroke. 

We are now to return to the expansion curve, real and theoretical. The 
area bounded by the line, c dg, and eg, is really just the same as so much 
steam thrown away ; for, had the valve closed at c, the line, c g, would have 
been produced ; but as the valve was so slow in its closing, the quantity of 
steam admitted led the real line of expansion unusually far above the theoret- 
ical; and while a certain amount of power was produced, it was ai an 
enormous expense compared with the rest of the area of this diagram, — really 
at no positive ad\'antage. 

In comparing the two diagrams. Fig. 7 shows the perfection of the 
working of steam, and Fig. 8, we might with propriety say, the perfection of 
waste of steam. Although the one is called a high, and the other a low 
pressure diagram, had a condenser been attached to the engine from which 
Fig. 7 was taken, there would not have been the least difficulty in producing a 
better vacuum than that of Fig. 8, and the waste between the two engines 
would be enormous if they were both adapted to the same work. 

We shall, in another lesson, show a diagram from a modern steamship 
engine, which is as radically different from Fig. 8, as Fig. 8 is different from 
Fig. 7, The figures upon these diagrams are the old method of working up, 
and it will be good practice to work these over and corroborate the figures, 
or to make a nice tracing of these diagrams, lay out the Curves, and find the 
percentages of economy and waste. 

There are high pressure engines, now running, which are fully as wasteful 
as Fig. 8, some of which we shall illustrate ; but, it must be borne in mind that 
this diagram was taken a number of years since, when it was supposed a great 
improvement had been made in working steam expansively upon marine 
engines. Many marine engines have most elegantly -contrived expansion 
valves, or arrangements, which we shall treat upon more fully. Fifteen years 
ago it was supposed that some of the steamships crossing the Atlantic had 
reached the highest point in the economy of fuel ; but, within the last eighteen 
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months, vessels, witli more tonnage than those with which the comparison was 
made, have crossed, from New York to Liverpool, upon a little less than one- 
fourth the amount of fuel per day than the engines are using which were sup- 
posed lo be so economical; while, in other departments of working steam, 
results have been obtained, by the application of steam pumping of water, 
which far surpass the performance of any steamship engine that has been built 
up to this date. This has been done, partially, by studying carefully the 
force, and its application lo raising water ; but if the steam mechanism had 
not been as nearly perfect as it is possible lo make it. it would not have shown 
such immensely economic results. The perfection of application of the power 
produced has wrought out this result — to which we shall again refer. 

The study of this diagram, by those who are not entirely familiar with the 
Indicator, will be of great value. No man should be intrusted with the run- 
ning of large engines, especially in cotton or woolen mills, where perfection of 
speed is required, and where the best results that are possible are not only 
desirable but, from an economic point of view, are a most imperative necessity. 
Many of our larger corporations now require that an engineer shall have a 
practical knowledge of the Indicator before they will put him in charge of 
their engines ar:d boilers. The time for setting the \-alvos of an engine by the 
eye, or by scratches or punch marks, has ceased to exist in the eyes of intelli- 
gent and competent engineers ; and the engineer of the future is probably a 
man who is capable of a careful manipulation of the Indicator, and of producing 
the highest economic results from following the lines drawn tlierefrom. without 
regard to the whims of the builder, owner, or others, after he has qualified 
himself to read these lines, and make them by the proper manipulation of his 
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LESSON III. 



I 

of valve 



In this lesson we present two diagrams from different classes of 
motions, and the two figures represent as radical a difference as is possible, 
from the two practices, in the way of working steam, but by this time the 
reader should be quite able to read the lines. In Fig. 9 we have a diagram of 
rather peculiar appearance, and yet it is not many years ago that a great 
many engines were working under circumstances no more favorable than is 
shown by this card. It is a low pressure condensing engine. The steam is 
carried half the stroke, the pressure being regulated by the throttle valve in 
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the pipe, but the admission line is a little late. The steam line is very well 
maintained, but at what an expense ! While the expansion litie is somewhat 
irregular, and is much higher at the termination than it should be, from the 
fact that the valve which is usetl in this case did not close promptly enough. 
The condensing is almost a farce. It will be seen that the valve opened very 
slowly, or that the condenser took hold very imperfectly ; and the piston had 
returned nearly half its stroke before the condenser had attained the maximum 
vacuum, while the distance between the return line of the steam and the line 
of absolute vacuum is about equally divided. In other words, the vacuum is 
just about half what it should be; the atmospheric line of the instrument 
running through the Indicator lines, and the absolute vacuum below, — without 
measurement we should say it was about one-half, — and yet there are engines 
running today in just this kind of practice. This engine uses double the 

^piteam in amouni, .»t \\Ai the pressure, and the engine only affords about half 
the vacuum. It is therefore utilizing something less than one-third of the fuel 
that is burned in the furnace. 

Fig. lo we have chosen for an especial purpose. It is a fine outline ; the 
compression is an elegant line ; the steam valve opens at just about the right 
point, and the admission line is correct. The expansion line looks well to the 
eye, but the stj'le of engine is one that makes a fine diagram, and most 
essentially misleads the unpracticed eye in its reading. The diagram in ques- 
tion is made from a non- condensing engine, at a slow rate of speed, from what 
is known as the Sickels valve-gear, using single or double poppet valves. 

The clearance of this engine, by reason of the valves used, is enormous, 
but they have a chronic way of leaking, so that the expansion line in this 
engine, except the whole clearance be known, is of no use whatever in erecting 
upon it a theoretical cur\'e in order to measure its efficiency. And while the 
outline is agreeable, with the exception of the undulations in the expansion 
cur\'e, it bounds a waste of fuel that would not be tolerated today by any sane 
man who had to pay for fuel himself, and could not be used by any concern 
who paid for their fuel or meant to pay their bills. When the valves and seats 
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are new and tight, it works with much more economy than when anyl 
trouble has arisen from the wear of the valve. But the clearance is so very 
large that economy is absolutely out of the question. The question has several 
times been asked us : Is it possible for an engine that is not economical to 
make a handsome Indicator card ? This is an example and an answer to that 
question. 

The Indicator card, in itself, is of very little value, except all the circum- 
stances that surround it are made known from the positive standpoint of 
absolute measurement. In this case, if the actual clearance was known, the 
termination of the line of expansion would, without doubt, be above the 
proper termination of the theoretical curve ; for the clearance is very large, 
and whatever amount of clearance is found in an engine is a constant quantity 
that must measure out an amount of steam, which does no good beyond filling 
a certain amount of dead room at every revolution of the engine. 




As steam is a fluid which is capable of measurement just as much as 
water or milk, do not allow an engine builder to talk you into the use of a 
large clearance, by any roundabout method of argument ; for if you are using a 
cut-off engine, the amount of steam wasted in the clearance must be filled with 
live steam, while the valve is open, and the ratio of expansion has nothing lo 
do with it. The amount of steam which you measure out in this way is for 
each end of each revolution, and the waste is therefore as many times the 
excess of clearance as your engine makes strokes per day. month, or year. 

In Fig. lo there is positively no back pressure, and back pressure is no 
more necessary in a well constructed engine than a leaky piston head : and 
except some obstacle is offered to the exhaust, an engine should exhaust at no 
back pressure, without some visible, sensible reason, as in the case of verj- 
extended exhaust pipes, exhausting through small pipes to heat rooms, or 
some such reason as that. An engine making the card. Fig. to, although high 
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pressure, will do nearly, if not quite, double the work with the same coal as 
the engine which makes the card. Fig. 9; while if Fig. 10 should fcte set to 
work with a proper condensing apparatus, it would do a very large percentage 
more than the engine upon which Fig. 9 was made, with the same amount of 



h 



Iw this lesson we shall come at once to the practical. Both diagrams 
shown are from the same engine, and taken upon the same dny. 




Fig, 1 1 is not an uncommon diagram, although this was from a modern 
built cut-off engine, by Wheelock. The engineer in this case had become 
dissatbtied with himself and everybody else, and he was one of those men who 
do not consider an Indicator of any practical value ; consequendy he had 
placed the valves in such a position as he kneu' was correct The result 
proves that he was not correct. The line at A represents the steam pressure 
in the boiler, and is the same in both figures, and it is erected at right angles 
to the atmospheric line of the instrument. Mr, Engineer, in making his 
i, made the motion of the valves very late, as will be seen at B. The 
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valve did not commence to open till after the piston had started on its stroke, 
and the old saying, " a stern chase is a long one," was never better exemplified 
than in this case. The valve being !ate in its opening, is late at every portion 
of the stroke. The steam line in this case rises after the piston starts, for 
when the valve gets wide open it admits more steam than it did at first. The 
expansion line is a rather awkward affair, while the e.\haust resembles an old- 
fashioned shoe toe, and it is evident the engine has too much back pressure. 
Ac C there is a peculiar little point, caused by the late closing of the exhaust 
valve; and after the piston stops, the Indicator seems to drop a couple of 
pounds. From C to B the admission line is very poor. 




Fig. 12 shows the diagram a couple of hours afterward, and which pre- 
sents a very different appearance indeed. In this case, the admission line does 
not come fully up to the boiler pressure. The steam line is hardly maintained 
as it should be, — it is a very great improvement over Fig. ii, — but the im- 
provement is not entirely in the outline. 

On these diagrams there is another very serious question. Fig. 1 1 was 
not doing any more work than Fig. iz, — in fact, it was running the very same 
machinery, and did not run it at quite full speed, — while the amount of coal 
used to produce Fig. ii was sixteen tons, and that used to produce Fig. 12 was 
twelve tons in the same time. Now, this evident discrepancy was not from 
any particular fault in the engine builder, but all lay in the fact that the engi- 
neer knew very much better, in his own estimation, than he did as a matter of 
fact, what should be going on inside the engine cylinder, — and this is a very 
common mistake. 

Fig. 12 shows very much less back pressure and earlier exhaust, and a 
slight amount of compression, but sufficient to arrest the motion of the piston. 
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The steam valve commences to open just about early enough, and the steam 
is carried a little less than one-half as far on the steam line i:i Fig. 12 as it is in 
Fig. II, The consequence is, less steam is admitted to t'.ie cylinder to do the 
same work, less steam is exhausted, and very much less is wasted, and only by 
the simple and proper placing of the valves. 

Sometimes men reason, although very falsely, thai ihey can tell by ihe 
motion of ihe valve, or the exhaust, or something else, how the engine takes 
steam ; but, as a matter of fact, no person can tell anything about it till after 
the Indicator is applied, — and not then except the application be strictly cor- 
rect, ^ and whoever reads it must have had some practice in reading the lines 
of a diagram. The two figures are as unlike as it is possible to make them, 
while the serious question is: Why should not any engine make Fig. 12 as 
well as Fig, 11, while it costs less to make it? And the only answer is that 
the engine will make it if you have an engineer who is willing to steer by the 
Indicator. There is no trouble whatever in doing ihis; but the fact is, engi- 
neers do not always like to learn, and in many cases parties in charge of 
manufacturing establishments do not fiirnish their engineers with the materials 
with which to work. 

This is only a single lesson, but what is very frequently done, and as a 
rule the men who do it are not the engineers. If the reader will figure both 
these diagrams from the same data, they will find a very serious difference, 
and this difference is waste to the owner, and is precisely the measure of 
difference between a good and a poor engineer. There is no material differ- 
ence in the amount of work done, although, as a matter of fact, the same 
machinery was run at the same speed, in each case, by the very same engine : 
and it will be good practice to figure the difference in an engine of 18 X 42, 
running 65 revolutions, and see how much was wasted. 



LESSON V. 



Ik this lesson we have two interesting 'subjects. One, a high speed 
engine, 12^ by 16 inch cylinder, running 160 re\'oluliona, diagram with a 50 
spring. This diagram (Fig. 13), as a general outline, approximates very 
closely to locomotive practice. The engine takes steam at A, and the steam 
is shot into the cylinder, and immediately decreases in pressure to a very great 
extent, from A to B, — perhaps we have made the line a trifle too long, — 
about one-third of the stroke. This is very nearly the steam line. The 
I»ies8ure at A is 75 pounds. At B it is 50 pounds. We have no data upon 
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which we can figure or lay out the cur^'es. Hence, we cannot say whether the 
expansion line of the diagram is correct or not. The exhaust valve opens at 
A B, nearly one-sixth of the stroke. The exhaust line is very good. There 
is no back pressure, but t'.ie exhaust valve closes again very nearly at C, which 
is one-half of the stroke. The compression line in this case is well formed, 
but whether it is an economical one or not can only be judged by data which 
we are not possessed of The oudine of this diagram is peculiar, to say the 
least, and we have no doubt it is interesting, if we had llie whole facts, from 




which we could make deductions as to its economy, or otherwise. The steam 
in this case does not obtain access to the piston as readily as it should. The 
line, A to B, indicates what the steam line at induction pressure would be, for 
whatever length of stroke it is carried; and the line from the horizontal to B 
shows the pressure hne from the opening of the valve to the cutting off. The 
clearance of this engine, although very small, shows a very good expansion 
cun'e. But if the clearance exceeds 4 or 5 per cent., the cun'C would not 
rank well. We do not mean well as to the ideas of some cnjjinc-er or builder 
— we mean well as to the coal pile. 




Figs. 14 and 15 are from a Corlis?. cn;;iiK>. an.i in both those c 
Steam valve opens late. The admission line is therefore tardy. The Steam 
line in Fig. 15 is somewhat peculiar, as it carries the induction pressure very 
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* squarely for a short dia'.ance, when it drops off; and, from the formation of the 
line, we should infer more steam entered the cylinder. We have not, in this 
case, the clearance upon which to erect a theoretical expansion curve. Our 
purpose is not to treat this diagram from a theoretical stand-point, but to draw 
from it a practical lesson for those who are not too hard-headed to learn. 
This i;; another expensi\-e practical lesson, where men overreach themselves 
in their attempt to do their own engineering. The cylinder of this engine is 
23 inches in diameter, 60 inch stroke, 75 revolutions. The diagrams are taken 
with a 40 spring. 

Fig. 14 shows more back pressure than Fig. 15. In either case the 
amount is very large. From the time the engine takes steam until the valve 
closes, and the admission of steam to the cylinder is stopped, a considerable 
decrease of pressure upon the piston is shown. The shape of this line tells 
the practiced eye plainly that there is some reason for it. The line, for a 
portion of its distance, is almost a right angled triangle, or two sides of it, 
when compared with the upright line, A. The formadon of the line, therefore, 
shows that the cylinder is calling for more steam than the port is able to 
supply. In this case, the reason is a very simple one. The parlies who are 




tuning this engine bought a aoo horse-power machine ; it is indicating 350 to 
380 horse-power, or nearly double what it was ever intended to do economi- 
cally. Investigation inlo this question, of a very recent date, by a competent 
engineer, develops the fact ihat the engine is working at double the load it was 
ever intended for, and, with all its disadvantages, upon 29 pounds of steam per 
indicated horse-power, upon a test. These diagrams do not show an econom- 
ical use of steam, from the fact that the load upon the engine is so large that 
the ratio of expansion is entirely too small. More steam is required to drive 
the load than the steam-ports will properly handle, so far as economy goes. 
That is to say, the amount of steam required at each end of each stroke, is so 
Rich, that the capacity of the ports will not admit it all, at the pressure 
iquircd, or furnished by the boiler: that the amount of steam admitted is 
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more than will be admitted at boiler pressure ; and upon the otber end of i 
stroke, the volume of steam, after expansion, is more than the exhaust ports 
will readily relieve the engine of; so that a loss is made at both ends, — a 
radical loss of initial pressure, and a loss of resistance by back pressure after 
the steam has expanded, or done all its work. For all this fault there is only 
one remedy: less load, or a larger engine. In this case, we presume the 
engine will be charged with what is really the fault of the owners or managers, 
and, without much doubt, they will be entirely blind to the fact that they are 
themselves the cause of a costiy steam power. Our next lesson will show a 
modem built engine, which the reader will do well to contrast with this over- 
loaded Corliss. It is no use to expect to load a 300 horse-power engine to 
560 horse-power, and get an economical result in the use of steam. But there 
are people in the world who are Just complacent enough to suppose that one 
pound of coal will do an immense amount of work — if they only direct the 
way in which it shall be used. 

In these lessons we have nothing to do with the theoretical, beyond the 
simple comparison, believing that, as facts are facts, and these examples are 
all from actual use, our readers, who are honest with themselves and can 
learn from example, cannot fail 10 profit by them. In too many cases the 
use of steam is an expensive luxury, and the overloading of an engine is not 
the least expensive. And aside from the danger incurred, the liability of a 
complete smash-up or stoppage, it must also be borne in mind that all cf ihese 
circumstances tend to involve danger to the lives of all those immediately in 
reach, — and this is a factor which is not always taker 
consideration. 



LESSON VI. 



into account S^^J 
tive subject. TB^^^ 



In this lesson we have a rather interesting and instructive 
diagrams furnished are bolh from the same engine, are from actual practice, 
and were taken for the purpose of ascertaining what economy the engines are 
working with. The size of the engine is 6 X 14 inches, running 220 strokes, 
or a trifle more, giving an indication of -f 17 horse-power, with an assumed 
clearance in the construction of the theoretical curve of three per cent, of the 
volume of the cylinder capacity. Subsequently to the trial the piston was 
found to be leaking badly. The compression on this, as most other high-speed 
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a considerable factor, much more than we should like to see. But 
' it is a part of the motion of the valve. If it opens early for the exhaust, it 
must necessarily close very early, and as there is no limit of changing the 
throw of the one witnout the other, then tlie whole matter has to be averaged. 
The peculiar kink at the upper right-hand corner of each card shows the 
action of this compression, and the opening of the valve. In one case the 
steam line, properly speaking, is theoretically correct, with the e.xception that 
it docs not rise nearly as high as the steam pressure ; while, in the other case, 
the valve does not open as it should, and the steam line falls away rapidly, 
until the real point of cut-off is lost, and the line becomes very irregular on 
the expansion curve. The back pressure amounts to but very little, indeed, 



I 




while the compressipn line, theoretically or mechanically, is quite too much, 
and approximates to locomotive practice, where it is very necessary to bring 
the reciprocating parts of the engine to perfect rest by a free use of steam. 
The compression occurs here at about one-sixth of the stroke, or rather more 
than tliat. The curve in this case includes the clearance, and is seen to be 
materially above what was expected of it. approaching nearer the expansion 
line at the point where expansion ceases. Taking the cut-off at the apparent 
point, including clearance, it is .^95 of the stroke. The fced-waler consumed 
during the trial was 40.78 pounds per hour. The power of this engine Li 
small. We have not all the lacts in connecti'm wilh it asi to the etfectivcneu 
of the boiler. It is only one instance of a pretty ciU'd in itM general outline, 
which, when it comes to be surrounded by the fact*, makes a very expensive 
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power. The action of the valve is such that it requires a large a 

steam, and whatever the amount of leakage may Iiave been, it was probably 

not enough to radically increase the amount of steam used per hour. 




The originals from which the engravings were nia^e for this lesson, were 
sent us by a man, with the statement that he is a practical t:igineer, — but not 
an expert, — and that he is trying to learn something by the practical applica- 
tion of the Indicator to different steam engines. He asked several questions, 
and sent three sets of cards from two different engines. The cards contained 
in themselves a whole lesson, and we propose to answer his questions from a 
practical point of view. 

The diagrams {i3 and 19) are taken from a Harris-Corhss engine, 36 X 
14 inches, speed 65 revolutions, 55 pounds boiler pressure, 30 scale. Our 
correspondent asks : " What arc the reasons for the fluctuations shown by 
the governor ? I suppose, in figuring these, it would be proper to take the 
■nean. When the engine is loaded, the trips of the cut-off seem to act all 
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ight, but when she is not loaded, the fluctuations are very wide. What is the 
pivason? 

In the first place, these diagrams, for practical purposes, such as adjusting 

[he valves of an engine, or ascertaining the actual pressure of each end of the 
5-linder, are absolutely worthless. They have no value whatever, and for this 
sason : The diagrams, as shown here, are taken by a connection leading from 

^ther end of the cylinder to the center of the cylinder, at which place a three- 
way cock is probably used, and in the time required to chan^jc the ihree-way 
»ck from one side to the other, the load of 

dhis engine may vary from 20 to 30 horse- 
fpower. If the diagrams were taken as 
tquickly as possible, they cannot both be 

taken upon the same stroke ; consequently 

file value of the comparison between the 

different ends is lost. In the loaded engine 

and the unloaded, the same readings a 

apparent. We have drawn the atmosphe 

lines ; and the lines, A B, upon each side of 

the diagrams, are at exactly right angles to 

the atmospheric Hne of the instrument. 1 

admission line upon one of these cards falls 

away from the upright; consequendy the 

induction valves, or steam valves, arc too 

late in their movements in opening. This 

is applicable to each one of the four dia- 
grams. It will be noticed that the crank 

end, upon each set of cards, does not give 

the same initial pressure as the head end, 

andif Indicators were used upon each end of 

the cylinder ;^ — this would undoubtedly be 

found to be the fact in all the cards. The 

reason for this is very apparent. The crank 

end is much later in Uking steam than the 

head end. As the piston commences to 

move away from the head of the cylinder 

before the steam valve opens at all, and tlie 

crank valve is much later in opening, with 

reference to the motion of the piston, thai 

the head end, it never gets open widi 

enough to admit the full pressure, from ' 

the tact that the volume of the cylinder is 

E eased so much faster by the movement of the piston than the capacity of 
steam-port will supply. The head end, upon both diagrams, has several 
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pounds more initial pressure than the crank end ; and although the head end 
is late in the motions of the valve, the valve opens relativdy sooner than in 
the crank end. 

The way of connecting the Indicator to the middle of the cylinder. 

ahhoiii,'h :iltngi.'thc-r wrong, is the favorite method adopted by almost all the 
high-speed engine builders, for it shows their line 
of admission nearer to a right angle to the atmos- 
pheric line of the instrument, and it is, therefore, a 
point of advantage with them. They are obliged 
D open their valves very quickly, or to use an enor- 
lous amount of compression. The little amount 
of time lost by the steam running the whole length 
of this pipe, if only 12 inches, makes a certain cor- 
rection, which is in their favor. On the Corliss 
engine, as in this case, the admission of steam is 
shown late upon the diagram, and, no doubt, if the 
connected by the shortest possible 
1 to either end of the cylinder, this motion 
would be somewhat diminished, but the essential 
feature of the valves opening late would be found to 
be a fact. 

Our correspondent asks why the r^pjlator fluc- 
tuated more upon the crank end than upon the head 
nd, TJie reason is perfectly plain. When the 
ngine takes steam upon the head end of the piston, 
[ takes a larger amoimt than it can take upon the 
crank. The tendency of this is to increase the 
speed of the engine. While the piston is making 
the stroke toward the crank end, the speed is some- 
«hat accelerated, the regulator ball slightly raised, 
and the crank end of the engine, when it takes 
i tripped just that amount shorter in order 
to maintain the proper speed which the engine is 
set to run at. Having taken this amount of steam, 
the balls drop, and the head end trips longer. In 
other words, the head end is doing considerable 
more work than the crank end, and the crank end 
is endeavoring to adjust all the time; and if the 
Indicators could be applied to both ends of the engine, and simultaneous 
diagrams taken, there is hardly any doubt, in our mind, that the fluctua- 
tion would be found as wide upon the head as they are shown upon the 
crank end. This we have proven, over and over again in practice. 




of the engine is doing more than the other, and the other end is trying 
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time to strike an average and keep its speed ; consequently the regulator 
changes the point of cut-off at every single stroke of the engine. This is not 
so apparent in the diagram taken with the whole load on, because the 
percentage of variation is so \'ery much less in proportion that it does not 
show in the lines. 

It would not be proper to take the mean of either one of these two 
diagrams as the actual amount of work done. It would show, to be sure, 
what was being done at the instant the diagrams were taken, but an average 
of 36 upon one end and 16 upon the other, does not, by any means, give the 
actual average of 26 horse-power as the work required to overcome the 
resistance. If our engineer friend will throw away his three-way connection, 
put it in the scrap-pile, and leave it there forever, make tlie shortest connec- 
tion possible with each end of the cylinder, borrow an Indicator, — if he does 
not own two, — and apply these Indicators to both ends of the engine, he will 
find, we think, just what we have laid out for him. Then, if he finds the 
admission line a little late, let him shorten up his connection until the angle of 
the lines. A, B, and the admission line from the point of compression shall be 
one line instead of two, get his engine so that it takes steam sharp upon the 
center, — not a particle before, — then watch his engine for an hour, and when- 
ever he changes the trip-dogs, changing both whenever he changes one. 
putting one back and the other forward, figure his diagrams, — and upon an 
engine of this size he should not allow a variation of more tlian two or three 
horse-power, — taking care to adjust the engine as nearly as possible from the 
full load ; he will then find, if he cuts the belt off his fly-wheel, that the engine 
will cut off with the lightest load, both ends at the same stroke, and the variation 
in the amount of work done should be, and will be, with proper adjustment, 
very sm.all indeed. He will find that his regulator will assume a very much 
more setded condition — it will not be reaching with every stroke. He will 
find that the confusion of lines will disappear, and that this will not be all. 

An engine of 150 horse-power was recently indicated by us at the request 
tpf a party who was an.xious to ascertain if the Indicator had any value. The 
'wean of the first diagrams, taken from simultaneous cards, showed 168 horse- 
power. The head end was doing fully 15 per cent, more than the crank end. 
After the engine had been adjusted, the mean of two cards was 154 horse- 
power, with a variation of less than 4 horse-power as the mean of 1 2 sets of 
simultaneous cards. The difference between 154 and 168 was being thrown 
away ; in other words, the engine was requiring steam capable of maintaining 
16S horse-power, when, as a matter of fact, the load only required 154 horse- 
power. The speed of the readjusted engine was much nearer correct than 
that of the engine, when one end was reaching after the other alternately. 

There is a point here that engineers should understand, and that is, tiiat 
^|ie variations of one end of the cylinder reaching after the other, when it is 
BiOt properly adjusted, calls for the use of more steam to do the same work, 
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because it does not do its work properly. The amount of coal required on 
this engine was 26 tons, before adjustment ; after the adjustment, the parties 
reported that in the same length of time 2o'i tons did all the work for three 
successive weeks. The result of the mat- 
ter has been, the partj- has ordered a pair 
of Indicators, and his engineer is to make 
Iiimself familiar with them, and take dta> 
jirams every day. This is entirely a prec- 
tical lesson, and there are hundreds of 
(.iigincs running worse than this, whkh 
;ire considered to be doing very w^ 

The diagrams 20 and 21 are from sn 
18 X 42 inch automatic cut-off engine, buill 
b_\- Geo. A. Rollins & Co., Nashua. N. H., 
with valves of the Corliss style, rAmninf; 
72 revolutions per minute. The scale is 
30, high pressure, the clearance being »ji 
per cent. The smaller diagrams, or the 
lightest load, show that the head end b 
doing the most work. The motion of the 
valves is a little late upon each end, as 
« ill be seen by reference to the upHgIn 
line. The crank end cuts off very shaip, 
while the head end does more work tbu 
the crank end. This is purely a question 
of the adjustment of the valves. Tfaese 
cards are \erj' clean in the track of the 
Indicator pencil. The card, with several 
lines upon it. is from the same engine 
under varying loads, and the lines of the 
instrument have been traced as nearly li 

In Fig. 21, A is the atmospheric line 
of the instrument, the back pressure valw 
being closed. This engine is in the Bay 
* "^ " State Sugar Refinery, Boston, and the vari- 

ation in the lines is caused by the throwing off or on, two or three at a time, of the 
centrifugal machines used in the works, which take from 25 to 50 horse-power 
each to start. The engine carries steam the full length of the stroke, in an 
almost absolutely straight line. This could not be done unless it had sufficient 
valve-port room, while, in cutting off at nearly three-fourths of the stroke, or 
at about one-half of the stroke, the lines are verj- good. The exhaust, in this 
case, we cannot tell exacdy about, as the back-pressure valve is closed. But 
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It is evident, from the general conformation of the three lines, that the exhaust 
vaJve has a capacity nearly equal in exhausting to carrying steam almost the 
full length of the stroke. When the centrifugal machines are thrown oil, they 
are required to be brought to speed as soon as a half minute, which makes a 
very large change in the load of the engine, or the requirements. In this 
case, however, the engine seems to be fully able 
to answer these requirements, and the variation in 
speed was very slight. But with carrying the 
steam the whole length, it necessarily reduced the 
speed of the engine somewhat, — else the cut-off 
would have acted. If anything, the exhaust 
valves of this engine should open a little earlier 
than they do. There is hardly compressiivn 
enough in it, and the lines of all three diagrams 
which are traced, show that the exhaust is some- 
what retarded at the commencement of the return 
of the stroke of the piston. The opening of the 
valves to admit steam is slightly late, — only 
slightly so, — while the steam lines are most 
excellently well produced. The outline of B, 
Fig. 21. shows that the exhaust line is almost as 
perfect as the steam line of the largest figure. 
The turning of the instrument shows it slightly 
rounded, — in other words, that there is a small 
accumulation of steam in the way of retardation. 
If the outlines are correcUy traced in the figure 
by the eye of the reader, these will be found to 
increase as the load increases, by the carrj-ing 
of steam further on the stroke. In other respects, 
the lines corroborate the ouUine. making a work- 
ing which should be very satisfactory, both as 
regards speed and economy. As a general nile, 
engineers do not pay attention enough to what 
seems to them trifling indications of variation. 
Every retardation of the exhaust upon the amall- 
esl diagram, is multiplied, as the amount of steam is let into the cylinder 
to overcome an increased resistance ; and the little points should be carefully 
Attended to, in order that they shall not become serious ones with the increase 
^nff the load. The cushioning, or compression, is quite too little upon this 
^ni^ne, and if the amount of motion at the commencement of the exhaust b 
put upon the end of the exhaust, or, in other words, if the exhaust is opened 
earlier, it will close as much earlier as it is opened. You will therefore reduce 
the back pressure at the commencement of the exhaust, and increase the 
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amount of compression by the closing of the oxhaust, both of which are 
advantageous in economy, and are certainly advantageous to the good 
working of the machine. lu the smaller cards, or those which indicate the 
smallest load, the amount of steam used by the head end is more than that 
used by the crank end. If this were balanced, the engine would work 
smoother, and there is no difficulty in balancing it if you have Indicators and 
a little patience. And the nearer right this can be done, the better producdon 
will be obtained regularly from the engine. Little matters are the important 
ones wherever steam power is used, and in no case is it more essentially 
important than in noticing little variations by tlie Indicator, when it is applied 
The width of a pencil line upon the Indicator diagram does not appear to be 
much. At the same time, it may be an important feature in determining 
where the trouble lies, and should be watched very closely, and no changes 
should be made without carefully considering whether everything is tight and 
just right ; for the value of an Indicator diagram increases precisely in the 
ratio that you give it care or attendon in the manipulation, and valuable in 
results only as you are accurate and correct in obtaining them. 



LESSON VIII. 



The examples in this lesson answer an often repeated question, Are simul- 
taneous diagrams of any especial value over those which are not simultaneous? 
The diagrams which we represent are not simultaneous diagrams for the whole 
set. Each pair of diagrams were taken at the same time, but not upon each 
cylinder of the engine at the same time. There is, therefore, more variatian 
than there would he if they were simultaneous diagrams. But these diagrams 
represent another important feature. They were taken from a Corliss engine 
which has been in use nearly or quite seven years, the valves of which have 
never been bored, turned, or changed. It is, therefore, a very fair expression 
of the value of the Corliss engine, in reference to the valves remaining tight 
while doing the constant regular work. 

In the next lesson we shall produce diagrams from high-speed engines, 
taken from both ends of a pair of engines, and from each one of the engines 
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at the same instant of time. A comparison will aptly illustrate the value of 
simultaneous diagrams, which are very much underestimated by engineers in 
general, as well as by engine builders, and their men who set up and start 




LESSON IX 



The diagrams, Figs. 23 and 23, are from the Social Mills, Woonsocket, 
R. I. The cylinders are 30 X 72 inches, 48 revolutions per minute, with a 40 
spring, working three-quarters condensing. The figures in each one of the 
cards represent the area as measured by tiie planimeter. These figures may, 
for comparison, be called horse-power; for, if reduced to horse-power, the 
amounts would represent precisely the same ratio that these figures do. The 
left-hand engine is doing the most work, as the cards are taken, if they were 
simultaneous, but the load may have varied between them. The left-hand 
machine works all condensing. The back end shows 490, the front end, 5:3; 
while the right-hand back end condensing is 488, the right-hand front end 
high pressure is 376. The right-hand engine is working with about the same 
amount of cut-off, and the front end, high pressure, is doing almost the same 
amount of work as the back end without the vacuum. This could be very 
easily adjusted by the use of the Indicator, if it was desired so to do. Let it 
carry steam a trifle longer and it would do as much as the back end ; but all 
these points are practically those of fancy, with the average engineer, though 
not in a practical sense fanciful points. 

There are some especial features about these cards. The \'alve gear upon 
this engine has not, perhaps, the same delicacy of adjustment as the motion 
Mr. Corliss is now building ; therefore the toe of the vacuum is not so abrupt, 
and the engine is not working with as much perfection as would be desirable 
if the valve gear could work to an exact adjustment. We say exact adjust- 
ment, for if an engine has been working several years, the valves seat them- 
selves ; and if the throw or travel of tlie valves should be changed, the engine 



Fould be apt to leak s 



1 until the valve seated itself ii 



Its new position. 



r this reason, the adjustment of the valves of an engine should be made not 
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less than three or four times each year, as in that case the valve never becomes 
seated so deep but that it wiH readily accommodate itself to its new position. 

The admission line in all these cards is very nearly correct, — we might 
say, almost exact. The steam lines are a little broken at first, — whether tbk is 
in the faulty motion or not, we have no means of telling, — but the admissioa 
of steam is ample, although the line is somewhat ragged. The cut-off is well 
defined in al! the cards, although not as sharp as it would be in an engine that 
. had been recently overhauled; but 
when we come to consider the feet 
that the engine has been working 
for seven years, without any tink- 
ering, and that the theoretical curve 
applied to these diagrams covere 
I 92 per cent., we must admit that the 
I cards are very fine. The amount 
I of power involved is nearly one 
I thousand horses. This is one of 
the engines reported upon at the 
w England Cotton Manufactur- 
ers' Association, in comparison, in 
iSSo, and it was found producing 
I its work with 2.66 pounds of coal 
per horse-power per hour, and is 
iv doing much better. 
The expansion line of all these 
I diagrams is very good indeed. 
The steam is well handled, and, 
I should the engine be improved a 
little, with a valve gear such as is 
I now being put upon engines of this 
size, there is no reason why the 
amount of fuel consumed will not 
be made smaller, and the workii^ 
of the engine more perfect. But 
tdking an engine, which has done 
I duty so long and so regularly, cov- 
ering 92 per cent, of the theoreti- 
cal, — with an honest showing, — 
we must admit, at once, that although the oudines of the cards are not perfect, 
they are very much nearer perfection than in some newly-built engines, where 
not quite so much brains have been mixed in their care and management. 

It is noticeable that the outlines of the four diagrams are almost exactly 
identical ; a slight leak, perhaps, in one, is almost the only change. The s' 
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'fines are very nearly the same, while the expansion lines vary but little. The 
vacuum is very even, and very nearly alike upon the three-fourths which are 
used condensing, and it is certainly i 
a credit to the engineer in being 
able to show such a result alter 
nearly or quite seven years of un- 
interrupted service. This engine 
drives the mill by a gear balance 
wheel. The boiler pressure is 
from 85 to 90 pounds; the tL-m- 
peratnre of the hot well, as re- 
corded, is 1 10, attaining nearly 28 
les of vacuum, even in August. 
One of the" most noticeable 
features is that of 88 pounds (.if 
steam, shown by the gauge, at the 
time the cards were taken, 83 to 
85 is shown by the Indicator. 
This point is often ignored in 
practice, but it is, nevertheless, 
one of the most important prac- 
tical ones. Steam made in the 
boiler is of no more use. if it can- 
not be used at full pressure in the 
cylinder, than money in the bank 
that cannot be used in the business 
man's everyday affairs, — with just 
this difference : the steam costs 
money to generate, — and there is 
no use to throttle it down by im- 
perfectly made valves and ports, 
and no use whatever in attempting ^ "^' ' ' 

to preach economy where the construction of an engine is such as to preclude 
the realization of boiler pressure in the cylinder. The actual vacuum shown 
by the Indicator is almost twelve pounds, and varies but slightly upon, the 
three cards. These diagrams will bear careful inspection, and, although not 
perfect, they are very much beyond the average, and far beyond the general 
practice in steam engine working. The engineer of this concern believes in 
the use of the Indicator, and makes a daily report to his agent, of the amount 
of power, where it is being done, and how ; and we believe he must make a 
pretty good annual return to the concern that employs him, by the use of good 
judgment and skill in the manipulation of bis Indicators and engine. 
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In- this lesson wc have another type of engine, and a diflferent way of 

working steam, by way of contrast. In this case we liave the diagrams (Figs. 

24 and 35 1 from both ends of each cylinder on a pair of horizontal engines, 
all taken at the same instant of time, four 
' instruments being used. The engine in 
quL-stion is a Buckeye engine, built at Sa- 
km, Ohio. It is 22 inches in diameter of 
cylinder, 44 inches stroke, 90 revolutions 
pL-r minute, boiler pressure 85 pounds, 
liiruttle valve wide open, scale of spring 
40. These diagrams were taken for the 
jjiirpose of ascertaining the condition of 
the engine, and the amount of power 
transmitted. The figures show the num- 
liL-r of horse-power. The right-hand en- 
le is doing the most work. The outlines 
uf the diagrams are peculiar tu this type 
of engine. The left-hand engine, head- 
end, has 148)^ horse-power; crank-end, 
164 horse-power. The amount of steam 
pressure shown, when the valve opens, is 
66 pounds carried into the cylinder. The 
tiolted lines show the pressure realized as 
66, while the fine dotted line above shows 
ihe boiler pressure. The mean pressure 
upon the piston in the diagram doing 164 
horse-power, is 21.92 pounds. The engine 
cuts off at about 8.8 inches, or, say one- 
lilth of the stroke. The theoretical mean 
pressure, from an initial pressure of 66 
pounds, the ratio of expansion being five, 
would be 22.01 ; while, if this engine used 
the boiler pressure shown by the upper 
line, only 6.3 inches of the cylinder would 

be obliged la be filled with steam at each stroke, instead of 8.8 inches at a 

lower pressure. 

These diagrams are precisely as they were taken, and they are not by any 

means the worst we have seen where engines did not approximate to the 
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boiler pressure. It is a very general thing, indeed, not only for this build of 
engine, but for many others, not to come within 15 to 25 pounds of the boiler 
pressure; and whoever makes steam, and only uses a proportion of it, throws 
away a proportion of his coal, which bears a relative value between that which 
is generated and that which is used. This engine is working under a back 
pressure, so that we could not obtain precisely the data as to what did exhaust 
with the pressure valve lifted. The compression upon this engine, as will be 
seen by the Httle notch upon two of them, is considerable; so much so that 
the pressure falls back before the valve is opened. The steam line falls away 
rapidly after the steam is admitted. The expansion cur\'e is very good, but 
no doubt the valves were leaking slightly, and perhaps some steam was blown 
by the piston. These matters arc of secondary importance, our object being 
to instruct our readers, rather than to criticise, except so far that our readers 
shall learn to read the diagrams as the result of cause. 

Upon the right-hand engine, 166 and 171, the compression line will seem 
to take a different shape, comparatively, from those of the left-hand engine. 




the admission line commencing nearer the travel of the \'alve than it does 
upon the left-hand engine, so that, instead of forming a hook, it forms a point 
upon one side. This engine, like its fellow, shows a very rapid dropping off 
of steam pressure after the steam valve commences to open to admit the 
steam, and tlie piston to move away. This would raise the question in our 
mind whether the supply ports were large enough to supply that volume of 
cylinder with steam ; or. as is the case with most slide vaUes, t!ie travel is so 
much different from that of the rotary that, in order to be enabled to cut off 
the travel is short and the ports usually somewhat smaller than in the case of 
valves of other forms. The back end of the left-hand engine is doing much 
less work in proportion than the forward end, — at least ten per cent, differ- 
ence, — doing nearly twenty per cent, less than the forward end of the right- 
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hand engine. At the same time the steam is wire drawn worse, or it falls most 
in pressure after being admitted to the cylinder. Each pair are given as they 
were taken, those of the right-hand engine, and those of the lefL The 
difference between working 66 pounds 8.8 inches, and 85 pounds 6.3 inches, 
amounts to 28.2 per cent,, very nearly, as the 8.8 inches of the volume of the 
cylinder. 22 inches in diameter, must be filled with steam, every stroke, to do 
the amount of work that 6.,i inches in length of the same cylinder would do 
if boiler pressure were admitted into the cylinder. Aside from this, the card 
is a very well produced one, — we mean aside from the fact of falling off in 
boiler pressure, and the loss of effective pressure upon the head of the piston 
after the steam-valve opens. These diagrams were taken by the writer from 
the engine, and are a peculiarity of the type or figure produced. We do not 
know of the economy of the engine, or what is being done by the coal, except 
that it cannot be economical in comparison. 



LESSON XI. 



We have, in this lesson (Figs. 26, 27 and 28), not only an interesSngjl 
an instructive subject. These diagrams were taken by the writer, from 
machinery designed and built by George H. Corliss, to the order of the Com- 
mittee of Improved Sewerage of the City of Boston. The engine is a double 
cylinder, having a pair of beams, a cylinder attached to one end of each beam, 





and the other end of the beam connected with a crank upon the fly-wheel 
shaft. One of these cylinders carries steam at high pressure, which exhausts 
into a receiver. The receiver extends from one cylinder to the other, and 
supplies the low pressure cylinder. The diameter of the high pressure cylin- 
der is 18 inches, that of the low pressure cylinder, 36 inches. Both cylinders 
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I Itave a stroke of 7a inches, and a speed of about 27 Ja revolutions, or a piston 
r -Speed of 330 feet. The pump cylinders are connected direct to the walking 
I beam, half-way between the trunnion bearing and the end of the beam, or the 
' point at which the steam cylinder connection is made at one end, and the crank 
connection at the other. — therefore the speed of the pump plungers per 
I minute is 165 feet of trr.vel. The high pressure diagrams are taken with a 60 
spring, by the Thcmpscn Indicator, 
built by the American Steam Gauge | 
Company ; the low pressure, by I 
the same Indicator, with a 
spring. The vacuum gauge showed 
»7 inches. The steam gauge showed 
1 19 pounds, of which 1 1 2 pounds i; 
exerted on the piston. The high 
pressure cylinder exhausts under ; 
pressure of 12 to 14 pounds, 11 to 
12 pounds of which is utilized in the 
low pressure cylinder. The instru- 
ments were attached to the engine 
about two o'clock in the afternoon. 
The engine was neither stopped nor 
adjusted for taking diagrams. The 
diagrams were taken in the middle 
of the day's work, without any r 
ike or preparation, and were not 
■out of our hands from the time we 
them from the instruments 
itil they went to the engraver. 
This engine has an essentially 
arrangement for working the 
es. It has no compression 
.lever upon either cylinder ; the 
exhaust shows precisely what is 
going on; the high pressure cyl- 
inder has a slighdy ragged sleajii 
line; but the point of cut off Ls 
very sharply defined, and the line 
of expansion is almost theoretically 
perfect. Another point is particu- 
larly noticeable. The low pressure diagrams do not vary one Icn-thouaandth 
of one mch in the area of the two diagrams, the planimetcr reading r,f which 
• given upon each diagram. The high praaure end varies but vrry slightly 
•^ we o>me to consider the high pressure of the iit«iun, being only two hor«- 
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power. The bottom of the high pressure cylinder, and both ends of the low 
pressure cylinder, vary less than one-lourth of one horse-power. 

These diagrams were taken at the same instant of time, and during^ the 
same strokes of the engine. The outlines of the cards, aside from the 
serrations in the steam line, are very perfect Indeed, This engine is jack- 
eted, and has protluced the wonderful result of 1,37 pounds of coal per 
indicated and developed horse-power per hour, using poor Cumberland coal 
at that. Th<j actual power of the four diagrams averaged is 235.73 horse- 
wer. The load in this case is very nearly con- 
stant, and consisted in lifting water to a height of 
7.3 feet. 

The reading of the planimeter and the horse- 
power are both given upon each of the diagrams, 
and it will be an interesting study for those who 
: versed in the use of steam, or those who are 
used to reading the Indicator cards, to give these 
some attention. Ninety-eiglil per cent, of the 
boiler pressure is utilized in the high pressure 
cj'linder, and from 95 to 97 '-i per cent, of the 
receiver pressure is utilized in the low pressure 
engine. The vacuum attained is from lafa to 
13 pounds, and the tempemture was not below 
70" F. when these diagrams were taken. The 
action of the \'alve3 may be noticed particularly 
by all lovers of a first-rate diagram. The corners 
: as sharp and well defined as it is possible to 
make them, and if the Indicator had not been an 
almost completely perfect instrument it would not 
have shown it as it has. The vacuum line of the 
low pressure engine is particularly worthy of care- 
fiLl consideration. The condenser takes hold 
.'.harply and maintains its hold, making the comer 
as sharp as can be. This is a truly remarkable 
production. The lines upon the high pressure 
(.iigino show as perfect a working of steam as we 
i.-\er saw from any engine, while the production of 
lliis engine in duty has surpassed that of any other 
engine ever built, and tested at work, so far as we 
are informed. 
Digram 27 is a pump card, taken direcdy from the pump, Thompson 




Indicator, 20 spring. The head under 

was 47.3 feet. The dimension of the pump and its speed are giv 

The pressure upon the Indicator is that due to a head of water of that height. 



hich the instrument was at the time 
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The lines of the card indicate that the 



s filled and kepi full by the 



e action 

of the piston or plunger. This card will also bear examination and compari- 
son, and it must be further understood that this engine has not received any 
special elaboration, but was built and running five months and three days from 
the reception of the order. When the order was received, no drafts or pat- 
terns were in existence, and the original working parts of the engine have 
never been tampered with. The engine was not assembled until il was put 
together out of doors ready to go to work, in such a position that it could 
not be lined or leveled, except one part with another. The bearings for the 
beams to work on are 54 feet above the level of the ground. When standing 
upon the gallery, there is no jar or shock to the machine in its working at 
full speed and under its full load, pumping twenty-five million gallons of 
water 47.3 feet high. The performance of the engine, we believe, has never 
been equaled in the world, or at least in engineering records. 

The engine is at work at the Pettaconsett works of the Providence Water 
Works, with a set of pumps entirely different from those which it was working 
at the time of tliis test. The pumps which were first used were adapted and 
constructed for pumping sewage, while the pumps which are now in operation 
are of the same general construction, although different in shape, as those 
which have done such economical work in the Pawtucket Water Works, and 
the engine which was guaranteed by Mr, Corliss to develop 100,000,000 duty, 
r has shown +113,000,000 in its test by the city engineer of Providence. 




LESSON XII. 



The educated man, — educated, we mean, in practice, — and the practical 

I engineer will see, in examining the diagrams in this lesson (Figs, 19 and 30), 

V two of the most elegantly perfect steam engine diagrams that they have 

ever laid eyes upon, These diagrams were taken from the Pawtucket (R. I.) 

Water Works pumping engine, built by George H. Corliss, and which, up 10 

the time of the construction of the Boston sewage pumping engine, by Mr. 

Corliss, had accomplished the largest duty in the lifring of water that had ever 

.'been attained bv any engine in actual operation, in a practical way, under 

Wtbe control and daily management of the engineer in charge. 
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A description of this engine will not be out of place. It is a compH 
engine of the horizontal pattern. The high pressure cylinder, 15 inches in 
diameter, 30 inches stroke ; the low pressure cylinder, 30 inches diameter, 30 
inches stroke. The pumps are in a hollow casting, which serve also for a 
pillow-block for the fly-wheel, which is mounted between the cylinders. The 
pump is in the lower part of this pillow-block casting, and is attached directly 
to the same rod that the piston is. The slides are in the rear of the pitlow- 
block, where it is connected with a peculiar rocker- motion, which is again con- 
nected to the crank upon the fly-wheel shaft upon either side of the engine. 
The diameter of the pump barrel is 15 inches, the diameter of the plunger is 
10.52 inches. The diameter of the air-pump is 30 inches, length of stroke 7^ 
inches. The suction and discharge pipes are 15 inches in diameter; the fly- 
wheel is 18 inches in diameter. Three boilers are used, 14 fc*et high. 4 feet in 
diameter. 4S tubes three inches in diameter, the fire-chamber being 40 inches 
high. The grate surface is 19.63 square feet, the fire surface 560 square feet. 
the average steam space 3jj^ to 4 feet, — it is supposed that the steam space 







means 3^ feet to 4 feet in height, of the boiler, — the steam pressure, 125 
pounds ; average water pressure, 1 10 pounds ; the head against the pump is 
269.1 feet; displacement at one revolution, 5.6592 square feet. The test of 
this engine for twelve days, running ten hours, and lying still fourteen hours, 
gave 104,357,654 foot pounds for every one hundred pounds of coal. This 
trial was made pn August 6th, and the days following, in 1878. The engine 
was started pumping February 2d, 1878, pumping direcdy into the pipes until 
November 6th, 1878. After it was put in charge of the engineer, the duty for 
the first year was 106,234,300 foot pounds on all fuel consumed in pumping. 

One diagram shown is from the high pressure cylinder, 15 inches in 
diameter, 30 inches stroke, 46 revolutions per minute, steam at 125 pounds, 
scale 58. There is only one criticism to make upon this diagram. It is abso- 
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hitely perfect. Taking the clearance of the engine, the expansion curve is so 
nearly perfect that it is no use to express it in any other way. The steam line, 
as well as the admission line, are almost geometrical forms. The expansion 
curve in this card is slightly better than that of the engine built for the Boston 
Sewage Committee, mentioned in the preceding lesson, and the reason for this 
may be found in the fact, probably, that the engine makes 46 strokes instead 
of 27J4. The other diagram is from the low pressure cylinder of the same 
engine, 30 inches diameter, 30 inches stroke. The pressure from the high 
pressure cylinder is almost entirely utilized in the low pressure. The vacuum 
is as good as it can be in practice, approaching the theoretical very closely. 
The condenser takes full hold very early in the stroke, and maintains an ele- 
gant vacuum line until the valve closes. The difference between the high 
pressure cylinder, and thai of the imitators of Mr. Corliss is, that they cannot 
obtain a steam line which amounts to boiler pressure. In this case, nearly the 
entire boiler pressure is secured by the piston. The steam line falls one pound 



before it is cut off. These diagrams were taken without any preparation. The 
coal consumption was 1.8 pounds per horse-power per hour, and there have 
been no repairs on the engine since it was started. It had done over five 
years' work, of ten hours per day, at the time the diagrams were taken. 

We have seen and taken thousands of diagrams in actual practice, and we 
have yet to see one that approximates these in absolutely answering every 
requirement of the engineer, and we believe it will be a long time before we 
see another. The record of the engine has been that of a perfect working 
^nachine, furnished within the time it was promised, at the price at which it 
was engaged, and instead of doing 30 per cent, of the work that it was con- 
tracted for, it did over 30 per cent, more work than Mr. Corliss guaranteed it 
, to do. 

Diagrams may be taken almost absolutely perfect, and if engineers who 
idy these lessons with an eye to benefit themselves, can produce such dia- 
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grams upon their cylinders in actual working, as that of the high pressure 
cylinder, they will not ha^■e lo figure very largely upon coal ; and when their 
engine is in condition to make these, they need not fear extensive bills fot 



LESSON XIII. 




In this lesson we have, for the moment, abandoned actual practice in 
reading, for the best effect, and show matters which are occasionally found in 
actual practice. Fig. 31 is a card taken from a Corliss engine, 205^ inches 
diameter, four feet stroke, 60 revolutions, 72 pounds boiler pressure, 30 spring. 
This engine lias received a great deal of attention from a number of parties. 
There was known to be a fault existing, and yet the fauh was not traced, and 




the trouble was not remedied. The expansion hne seems to be good, and the 
atmospheric and exhaust lines fairly run into each other, so that no trouble 
could exist in that region. There is no compression, but there is a curious 
hump at A, which might occur from one of two things, but in this case it was 
an anomalv. The cylinder head was taken off, and the full pressure of steam 
on the steam vaive showed that the valve did not leak ; consequently it was 
not a leaky steam valve. The question then arose. Where was the trouble? 
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The engine was started again and, as we have stated, several engineers gave 
up the problem, declaring that the engine was not properly constructed. Mr. 
Mosman (now deceased), with the American Steam Gauge Company, was sent 
to examine the engine, and it was a considerable problem to him, as well as 
tedious. He made all the ordinary tests, found the valves light, and then 
began to use his judgment. Upon experimenting with the exhaust valve in 
this end of the machine, it was found, after the engine had moved an inch 
or two of the stroke, that the exhaust valve had been set so that it opened 
upon the back side, and allowed the steam, or a portion of it at least, for two 
or three inches of the stroke, to pass by. This was corrected, and the trouble 
was at an end. And yet there are two or three engineers who declare that the 
engine is not right, and cannot be made right, although it makes as handsome 
a diagram as any Corliss engine that has been in use, and been taken good 
care of. It was a very serious defect, and it was a puzzle. 



' Fig, 3S represents a not uncommonly found resuh. In this case the 
^igine gets blamed for what the Indicator is at fault about. And yet the Indi- 
cator, with which this was taken, was in the hands of an expert. The cut off 
is very near the point, A, and the dotted line, and would extend above the 
line as shown by the dotted line, but in this case the instrument leaks, the 
piston and the cj-linder both being worn, — we mean the piston and cylinder of 
the Indicator, — hence, in this case, the Indicator is very unreliable. This can 
be ascertained fully by actual tests, and whoever reads this diagram, and is 
posted in his business, would find, upon applying the expansion curve, that 
the point of cut off was very much shorter than that shown in the card. This 
also handed over to our friend Mosman, and the Indicator was aAer- 

Is reorganized. 

Pig- 33 is another case of a most peculiar diagram. The admission line is 
straight, the engine taking steam like a hurricane, but the piston Indicator 
drops from the point, A, to that of B, in precisely the same way that it comes 
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up on the admission line. This line is not due to the action of the enginCiH 
the piston, or the cylinder, or both, were grooved, the steam being shot into 
it. the piston moving at a good speed. When the Indicator commences lo 
descend, it goes out of all semblance of real expansion, because the steam 
shoots through the grooves until it partially seats itself again, when the vibra- 
tion makes the little notch in the expansion line. All these are matters which 
can only be learned by practical demonstration, and this is a most peculiar 
case, yet it is not the only one we have ever seen. An Indicator, to be relia- 
ble, must have a considerable amount of attention paid lo it. The engineer 
must know how to apply tests for correctness, and he must know how to read 
the lines which he gets, and know what is possible to be made by his careless- 
ness, or lack of attention, in applying iiis motion, as well as in seeing that his 
instrument is in perfect order. 

The effect of either one of the illustrations which we have given, if a man 
were ignorant at all of the true reading of the lines, would be to go on with 




poor work, condemning the engine for what, in two of the cases, is clearly the 
fault of the instrument, and, in Fig. 31, a lack of brains in whoever attempted 
any such mal-adjustment ; but there are certain engineers who run by the rule 
of thumb, and it proves a very expensive rule to run by for the man who pays 
for the coal. If a man has no care for the interests of his employers, he is the 
last man in the world to have the handling of an Indicator or the running of 
a steam engine. 

These three illustrations make one of the most interesting lessons which we 
have given. They are from positive iact, in actual practice. In every case the 
information which they embody has been most dearly bought by the parties 
who were paying for the fuel which was run through the engines in question. 
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If an engineer will pay attention to these lines, and remember how they can 
be caused, he will then, whenever a difficult or seemingly uncommon card is 
presented for him to read, remember, from his own experience, or from his 
reading, — if he observes and remembers, — that certain matters will cause 
certain results, and he will be enabled to judge of the probability of these 
without experimenting at the expense of his employer. A man to be 
successful with the Indicator must be one who reasons, and applies the 
somewhat uncommon rule of common sense ; and the man who h.is the most 
common sense is the man who oftenest succeeds in obtaining excellent results' 
from the proper use of his instrument. 




LESSON XIV. 



It is frequently stated that the hidicator is of very little use, except for 
ihe careful noting of results, or for the following out of doctrines or theories 
which relate, more particularly, to expert tests. This assertion is as void of 
truth, and is as far from the fact, as it is possible to put any given number of 
words into a sentence attempting to mean something, and yet make a signal 
failure of it. 

Fig. 34 is a curious figure to be described by an instrument. This was 
taken from a 250 horse-power engine, made by Charles S. Brown, of Fitch- 
burg, but Mr. Brown, in his adjustment of the engine, did not make any such 
card as this. One of those men who know everything but one. and who never 
use ihe Indicator. — a man who was able to set the valves of an engine by the 
marks, or by gauges, or measures, or by guess, or something else, — made his 
ivrangemenents upon this engine, and when he got the machine in such a 
ndition that it would not run with much more than half its usual load, he 
eluded that the engine was not worth anything ; and the owners of the 
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engine concluded that they must find somebody who could tell tnem whether 
the engine was good, bad, or indifferent. The diagram in question was one 
of the first ones Liken after the adjustment of the instrument, and it fully illus- 
trates the folly — or foolishness, to use a plainer word — of a man in attempting 
to linker with the valves of an engine. In this case the exhaust valve closes 
at A. while the stroke ends at B. Compression takes place, which carne; 
the piston of the Indicator to C, when it follows the outer line back to D, as 
ihe piston starts on its return stroke. At this point, rather late in the day, the 
steam vaU'e opens ; but, iis a stern chase is always a long one, the engine gets 
im all the way, from D to E, as the motion of [he 
I jiiston is shown by the leaning line from D to E, and 
c pressure cannot be brought up fully, because 
L- piston is moving, and requires a very largt 
iiount of steam, in order to fill the volume of the 
liiider from B to D, which could not be filled until 
ler the ■\'alve opened at D. From E to F, the steam 
line is short, where the cut off takes place. The ex- 
pansion line is good, the exhaust line is first-rate, but 
ili*^ line, E, G, B, D, C, simply represents lost work 
iir steam used after it could be useful, or of any effect 
The area of these figures is respectively 194 effective, 
and 70 absolutely lost or thrown away. Undoubt- 
edly, if the steam had been properly applied, 210 to 
220 would ha\'e expressed the whole area ; but, in this 
case, one-third of the steam used is absolutely thrown 
:iway. This is an interesting study to show what can 
1)0 done by these men, — and we believe there are less 
of them than ten years ago, — who can set an engine 
by their ear, or by marks, and it will be a caution to 
ih<jse among our readers who have the good sense to 
let alone matters which they cannot be positively sure 
K if After the engine was properly adjusted, there was 
no more doubt as to whether Mr. Brown's work was 
or was not up to his ordinary standard. 

Fig. 35 represents, truthfully, only the proportion 

lh.-it is being done by the different ends of the engine. 

The little hooks at A, and the badly formed lines, B, 

: due to the inferiority of the instrument, which 

is in very bad order. In this case the instrument 

' ^' leaked. When the compression was made, before 

the valve opened, the steam came through the instrument to a certain extent, 

80 that the piston, by the action of the spring, dropped, making this hook. 

There is no point of cut off upon the one. Upon the other, the cut off is 



k squarer. but, at the same time, it falls like a brick. Very little need be said of 
these diagrams, except to show that an instrument, which is not properly 




LESSON XV. 



adjusted, or which is not as it should be, may mislead a man very seriously in 
getting at the effective value of the work being produced. 

^H The diagrams in the present lesson are of more than passing interest, and 
^R»ere taken from the engine of a man who places no value on tlie Indicator. 
It Is onJy necessary to say that the diagrams were only taken when he found 
that something was the matter, which his engineer could not manage; and 
this is only one of numerous practical applications of the value of the Indi- 
cator, which the expert in its use is continually meeting. The engine in 
question is a Harris -Corliss, 14 inches diameter of cylinder, 42 inches length 
of stroke, 60 revolutions per minute, the pressure in die boiler varying from 
65 to 75 pounds. The diagrams. Figs. 36 and 37, are from the different ends 
of the engine, 37 being the crank end. and 36 the head end. Fig. 37 is one of 
those peculiar looking ones w hich we frequently meet with in actual practice, 
lore especially from engineers who know exactly how to set their valves by a 
ratch or prick punch mark; and they can tell exactly how "she takes 
1 " by watching the cui-off slide. The engineer, in this case, simply had 
give it up, and if he had gone a few steps further, his engine would have 
1 the other way. Fig. 56 shows three lines, as they were taken from 
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the instrument, and they are most wretchedly irregular lines too. The steam ' 
line is as full of humps as a camel's back, and the notches and irregularities 
are the exact counterpart of the mo\'ements or action of the steam, as it is 
admitted to the cylinder. The admission line, in itself, is very late. The 
steam valve commences to open only after the piston has commenced its 
stroke. It does not open fully until after the piston has traveled several 
inches. The exhaust will be seen to be very late, 
I upon both diagrams. Figs, 36 and 37. It is com- 
paraiiiely small in iu showing upon Fig. 36, from 
ilie fact that it shows a verj- much lighter load 
m that of Fig. 37. The amount of power, — 
4 horse-power, — given on Fig. 36, is the 
mean of three lines, the largest amount bdng 
plus 50 and the smallest only 22. Fig. 37 
lias the same general outline as Fig. 36, but 
in this case Fig. 36 was set to cut off at less 
distance than Fig. 37. so that Fig. 37 Is only 
,1 single line, and is doing three-quarters the 
work of the engine. The line, in the case of 
i'ig. 37, is very bad indeed. The valve does not 
commence to open until after the piston has 
started on its return stroke. The cut off is very 
badly defined, and might lead to the idea that the 
\aKes were leaking badly, but no experienced 
LTigineer would try to ascertain this question 
viinil the valves were in proper position. The 
toe at the end of the e.\pansion, at the commence- 
mtnt of the exhaust line, is an additional amount 
(if work thrown away. 

This is only a fair specimen of the way that 

many engineers get their valves, and they are 

^ilivays found in the hands of those people who 

do not use the Indicator, and who frequendy 

make the assertion that they do not belie\-e in the 

Indicator, for it is of no use. All such are per- 

' frctly welcome to their belief, and their employers 

sometimes change their minds when the engine 

has been properly indicated and adjusted by those who do belie\-e in the 

Indicator, and who know how to apply it and read properly its results. 

C and D (Fig. 3S) are from the very same engine, after the Indicator had 
been properly applied, and the needed corrections made in the motion of the 
valves. The horse-power is almost identically the same in both, the fractions 
being very small. The compression is, almost to a unit, the same. The 
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a line is lost in the proper compression, and the steam line is carried 

b straight as a line can be. The line of expansion shows very little loss, and 

e diagram, taken ahogether, is a very good production. It is needless to 

|F that a very considerable sa\'ing of fuel resulted as the difference between 

5 engineer's setting, Figs. 36 and 37, and the man who applied the Indi- 

1 Fig. 38. These diagrams are from actual practice, and were given iia 



I 





by the hit Mr. Mosman. of ihc American Steam Gauge Company. They 
were taken with 40 springs, and the engine at its regular work. Probably the 
question never entered the head of the engineer in charge, as to the result of 
.tbeuse of steam, as in the diagrams, Figs. 36 and 37. The steam in Fig. 36 is 
kitted, in all sorts of quantity, in the endeavor of the regulator to reach 
Euid equalize the load, which is done in the other end of the cylinder; but 
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as the cut-off slides are set, in Fig. 3S, to cut off longer than is necessary, and in 
Fig. 36 are set shorter than ihey should be, it is simply impossible for the regu- 
lator to adjust the difference between them ; for the difference is so great that 
the regulator cannot measure it by the differential strokes of the cut-off slides. 
or the motion which is given them through the change of position of the balls 
on the governor. In this case the crank end of the engine is doing more than 
double that of the head end, and these motions of the head end are shown in 
the irregular steam lines by its race after the other end of the engine ; and 
exacdy in proportion as these lines differ from each other was the resistance 
or the strain upon (he different parts of the engine, differing at each end of the 
stroke, making izo times per minute. In other words, the engine jumps 120 
times a minute after its load, and the regulator is simply unable to adjust the 
difference ; or, in other words, is attempting to accomplish an impossibilit)', 
The engine in this case is using something like forty per cent, or more steam 
than would be necessary, when properly adjusted, as is seen in Figs. 37 
and 38. This is only another important lesson that people can learn if they 
will, but usually only learn when they are obliged to. It is all the more to the 
credit of the Indicator that it is able to show up, in the hands of an experienced 
manipulator, these points where pocket value is the result attained ; and in a 
case like this, the amount of coal burned, before and after adjustment, is a 
factor that can always be measured in dollars and cents. This is the standard 
of too many steam users in quite an opposite direction. 



LESSON XVI. 



A 



In this lesson we have a decided difference in engineering practice, and 
upon one of the points which we have dwelt in previous lessons, and which 
will be distinctly exemplified by the comparison between the cards. It refers 
to the realization of the boiler pressure of the cylinder. The diagrams. A, B 
(Fig. 39), were sent us by a correspondent, with the following data : Buckeye 
engine, 14 X 28, 40 scale, 70 pounds steam, iia revolutions. Diagrams taken 
with one instrument standing in the middle of the cylinder, — which, we suppose, 
means taken with a three-way cock. A is the crank end of the engine ; B is 
the head end. The figures 102 and 116 represent respectively the area of the 
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diagram, as measured by the planimeter. C, C, represents, by the little white 
line above the letter, the 70 pounds boiler pressure. D represents the atmos- 
pheric line of the instrument. Our correspondent writes : " My vacuum gauge 
reads 25 inches, while the vacuum on the instrument only shows four pounds, 
or eight inches." He further writes : " Will you please give me some informa- 
tion in regard to setting the valves ? " 

We cannot give any information regarding the setting of the valves from 
the diagrams given. The engine appears to be working free, and really it is 
the best pair of Buckeye diagrams we ever saw taken from actual practice, — we 
mean the outline and apparent action of the valve. In taking diagrams with 
the three-way cock, where there is any variation in the load, it is absolutely 
impossible to balance, as we term it, each end of the cylinder, and have one do 
the same amount of work as the other on its return stroke. If both of these 
diagrams had been taken upon the same stroke of the engine, with two instru- 
ments, one upon either end, we should say, by .ill odds, to set the valve so 




that the crank would nut be cut off quite so soon. The particular feature 
about these cards is one which we generally find on this kind of an engine — 
it jails to utilize the full amount of the boiler pressure. In another set of cards, 
sent by the same party, from the same engine, and doing much more load, the 
head end measures 227, and the crank end 194 on the planimeter. In this 
case, quite a considerable difference is therefore indicated in horse-power, the 
head end, as is generally the case, doing the most work. Taking the pressure 
of the steam and the point of cut off, this diagram approaches the theoretical 
curve in a very practical degree. 

The diagrams, C, D (Fig. 40), were taken from a Harris -Corliss engine, 
36 X 14 inches, in the Massachusetts Charitable Mechanic Association build- 
ing, at the e.\hibition of 188 1; 75 revolutions, 40 spring, boiler pressure 85 
pounds, — the steam was carried some distance. — gauge on the pipe 82 pounds, 
^e Thompson Indicator was applied by Mr. Mosman for the American Steam 
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Gauge Company. The initial pressure, as the Indicator records it, is 5 
pounds. These diagrams were taken by a three-way cock, but under radically 

different circumstances from those which are shown by the diagram in Fig. 
40. The engine had no connection witli any machinery in iJie building, 
except the dynamo machines for the electric lights. The engine regulated in 
the very best possible manner, the variation in speed was almost nothing, being 
run. therefore, with as constant a load as it was possible to attach to it. diagrams 
being taken by turning the cock. Probably one was taken upon one stroke of 
the engine, and the other not missing more than one or two strokes, while the 
load, at the same time, is shown by twelve pairs of diagrams, which we have. 
and which varied much less than one horse-power in tweU'C sets. One end 
reads 420 on the planimeter, and the other 417. This is a result that is very 
seldom obtained in practice, and in this case it was undoubtedly effected by 
good judgment and careful adjustment by the parties in charge of the engine. 
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thumb, may work a week upon an engine in setting the valves, and the prac- 
tical application of tlie Indicator will demonstrate that in this way the valves 
of any good engine couid not be set within a row of apple trees of right, and 
apple trees are usually not nearer than twenty feet apart. 
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The cards in this lesson are from actual practice, by an engineer who 
seems to know something about the Indicator, and that it is something more 
than a curiosity or a plaything. They were sent us by a correspondent, wlio 
asked se\'eral questions. Fig. 41 is a diagram from a modern built engine, with 
so-called Greene cut-off. The party running ihis engine supposed he had 
arrived at the limit of its power. After the valves had been adjusted, twenty 
pounds less boiler pressure were used, with a very great saving in fuel. The 
size of this engine is 1 2 inches diameter, 36 inches stroke, 50 revolutions per 
minute, boiler pressure 55 pounds, scale 40. Our correspondent stated that 
the valves were left, by the man who put them in, so that they produced this 
diagram. This is rather a curious looking figure, yet, by no means, an 
uncommon one. B shows the boiler pressure, and what would have been the 
admission line, if the valves had been in order. The valves do not fully open, 
so as to admit any approximation to the boiler pressure, im:il after the piston 
has traveled more than one-fifth of its stroke. We should judge from its 
length, after it gets a steam line, that the engine was heavily loaded for iu 
capacity, although little can be told as to the load which the engine u really 
doing from such an outrageous outline as this. The steam is carried for a 
large proportion of the stroke, the expansion line is irregular, the exhaust 
valve only partially opens at C, while, if it opened as it should, it would com* 
mence at D, and make the line, D, E. In this case the exhaust valve really 
opens at C, and the piston returns some distance before the Bieam ii (rvdy 
exhausted. For some reason — we cannot sec why — tli ere seems lolKamiaO 
amouQl of compressed steam ai E. When the piston starts upon iu rctom 
stroke, the piston of the Indicator drops, and the under portion of the loop b 
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formed. After the piston has returned upon its stroke, and the lines cross 
each other, the steam valve seems to open but slightly, and the admission line 
commences at F. The engine works under a small amount of back pressure, 
and makes a very poor use of the steam which 
is fed to it from the boiler ; and if our correspon- 
tknt had sent us a card showing the engine xsx- 
rtctly working with approximately the same toad 
:uid the same amount of steam, it would have 
liL-eii an easy matter to have told him what Ae 
loss was in this card, which cannot now be told. 
It is only an illustration of how badly an engine 
1 work when it is not properly taken care of 
Fig. 42 is a diagram from the same correspon- 
dent, from a full stroke engine, doing from 12 to \% 
lorse-power, and using coal enough to run forty 
lorse-power with any kind of decent usage. The 
cylinder was 18 inches in diameter, stroke 12 
hes, 100 revolutions per minute, boiler pressure 
60 pounds, scale 40, vertical engine. While this 
m old-fashioned engine, and we may expect 
old-fashioned practice, it has some peculiarities of 
own not at all in its favor. A represents the 
line of boiler pressure ; B, the admission line : C, 
the steam line ; D, the line of curiosity ; E, getting 
ready to exhaust ; F, the exhaust valve opens ; G, 
the atmospheric line of the instrument. The line 
of curiosity, as wc have expressed it, is really 
the pressure in the cylinder increased after the 
expansion has taken place. This ver\' seldom 
oL-curs in well constructed engines. When, in all 
probability, all the steam had been given which 
was required, — the engine was a double port 
unc, — and after the valve had made its travel, the 
ports were temporarily opened during the last of 
the stroke of the piston; therefore the piston of the 
Indicator was raised by the admission of more 
steam, or the governor opened the valve from a 
changed speed. Not knowing the real construction of the engine, this is only a 
guess, but it is one of the things sometimes found in actual practice. In any 
event, the exhaust of this engine is about as poor as it can be. The %-alve 
opens very slightly at E, commences to open thoroughly between E and F. 
and gets open so as to reduce the pressure in the cylinder just before it closes 
for the admission line, B. We do not wonder that our correspondent felt 
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Knirious, for he has really struck the old curiosity shop in Indicator diagrams ; 
but, stranger than his personal adventure, is the fact that men are still found 
wlio do and will use engines making just these same botch-work diagrams. 
There can Hardly be two instances where steam is worse misused than in the 




two diagrams shown. Fig. 41 is entirely the fault of the operator; Fig. 
42 is really without any remedy, except to put the engine into the old scrap 
.|Mle, where it ought to have been put years ago, if fuel is of any account. 
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In this lesson we have some peculiar looking diagrams, and they are also 
peculiar in another sense — peculiarly wasteful. They seem to be lacking in 
every respect where economy has any claim, and yet the engines from which 
these diagrams were taken are in use, and undoubtedly tlie men who are using 
them consider that they have a pretty good arrangement for a steam engine. 
The diagram (Fig. 43) really required considerable study on our part to ascer- 
tain which end up it was; and we only found, after corresponding, that the 
parly who sent it to us was not joking; he only sent it as a curiosity, — some- 
thing which he picked up in actual practice, no longer ago than June, 1881. 
The data, which comes witli it, is as follows: Diameter of cylinder, 12 inches; 
length of stroke, 24 inches ; revolutions per minute, S5 ; boiler pressure, 75 
pounds; scale, 20. As this has a throttle regulator, there is, of course, no 
approximation to the boiler pressure ; the actual realized pressure on impact 
is from 35 to 36 pounds. The engine would seem 10 take its steam early 
enough, but its carrying line, or steam line proper, has a variety of contorlioos 
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in it which have no significance, no economy, do not approximate to g 
practice, and are all as nearly bad as need be. The commencement of the 
exhaust, at C, is the commencement of a struggle. The engine, as we have 
mentioned before, takes steam at about 35 pounds ; when the exhaust valve 
commences to open at C, the engine commences to exhaust under precisel) 
30 pounds back pressure. After one-half of the cylinder has been exhausted, 
we still find 14 pounds of back pressure on the line, D, and at the termination 
of the back pressure, or when the ^-alve closes, we still find 8)4 pounds at E, 
the area of the figure, by the Indicator, showing that the power exerted is 295, 
while the area of the figure between the diagram proper and the line of rest 
of the instrument, or the real atmospheric line, has an area of 229. In other 
words, if this engine were doing 295 horse-power by the steam which is used, 
it would be working under a back pressure of 229 horse-power ; and if the 
back pressure were only a litde larger, it might be a question whether the 




engine would run al all, or if it would not start and run the other way. We 
beheve that there are not many such engines as this in use — at least, we 
should hope not. But it is only a question. No doubt the man who con- 
Str^lCted this engine had in his mind a good working one, and that he made 
the ports and the travel of the valves, and the lap and the lead, and all those 
things, just as nearly right as he could. Probably the introduction of the 
Indicator would somewhat, at first, surprise the man running the engine ; but 
if he could not read the lines to see what was doing inside the cylinder, he 
could evidently imderstand. if fuel was of any value at all, after having these 
lines explained to him, that one-half the fuel which he burned was a little 
worse than thrown away, — in fact, he was burning two pounds and twenty- 
nine hundredths to put a brake on to the two and nincty-fi\'e hundredths 
which did the work, — whereas, had this engine been making use of its steam 
at the same pressure, so that the valves would have exhausted properly, instead 
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F having : 



i horse-p 



e-power ol work, and 229 horse-power ol back pressure, 
the outline of a figure, constructed to properly take charge of the steam, would 
yield 426 horse-power ; hence, here is a waste almost equal to one-half of the 
fuel, and, at the same lime, only a trifle more than one-half of the proper load 
fbich the engine should do, is being yielded. Tivice two being four, the 
^ne is using four times the amount of fuel it should do to develop the load 
Khich the Indicator shows is being done. Aside from the fact that some men 
list who do not think the Indicator has fulfilled its mission, or that a man 
:t the valves of his engine by his eye or ear. jack-knife or rule, this dia- 
would not be worth the space it occupies. 
In Fig. 44, we have another stj'fe of engine, a different style of diagram, 
■adically different result, — but the same principles are embodied, — and 
although not lo quite so great an extent in percentage, the result of loss is 
much larger tlian in the small engine. Tliis diagram was taken in a saw-mill. 




^Jn the northern part of .Michigan. We have frequently read thai a saw-mill 
s a rough place, but we did not suppose they would work steam on exactiy 
5 kind of a scale. The data, which comes with this diagram, is as follows; 
finder, 28 X 23 inches; too revolutions per minute; boiler pressure, 105 
^unds; scale, 40; the ports, 2 inches by iS, for steam; exhaust ports, 33^ by 
B inches ; bp on each end of the valve, | j. This is rather a ])eculiar shaped 
bgram. The dotted line. A, is the initial pressure, 80 pounds ; the regulator, 
erefore, stifles the engine from 25 pounds of working pressure. The steam 
s of this engine seem lo be, for their size and stroke, nearer the correct 
a than the exhaust ports, — the difference in pressure in the length of the 
x)ke, at the point B, is only 12 pounds, — the engine, therefore, loses hut 12 
lunds in carrj-iiig steam seven-eighths of the stroke from the initial 
s, — the initial pressure being 80, and the pressure, at the moment the 
D valve closes, 68 pounds. This engine, in common with many others of 
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the slide valve type, is lale in the motions of its exhaust. The exhaust valve 
opens, or commences to open, rather, just above the letter C, and here we have 
35 pounds back pressure r.s the piston starts on its return stroke. The e^ihaust 
is never allowed to touch the atmospheric line of tlie instrument, E. At D, 
the back pressure will be seen to have increased, the smallest amount of back 
pressure being three pounds, about what we might expect in a well regulated 
engine of the family from which this one came. At D, the pressure increased 
to nearly nine pounds, and the exhaust vah'e seems to K^^'e closed. At a 
point above D. not very we!l defined, the steam valve seems to have opened, 
but the pressure is not sufficient to carry the piston of the Indicator up so but 
that the line leans away from the vertical line, showing that the steam line 
opens a trifle late. This is a general analysis of this diagram. 

The pjanimeter says that the area of Fig. 44, as described b\' tlie Indi- 
cator, is 600 ; it also says that the area of the figure which bounds the back 
pressure is 125. Here we have 600 units of work and 125 units of worthless- 
ness in back pressure, or about six times that which should be allowed in an 
engine of this type when in good condition. This engine probably never did 
exhaust correctly, and without some change, wliich cannot be determined 
without further data, it never will. If the exhaust port of this engine is 3^ 
X 18 inches, the party who made the examination should have ascertained 
whether the same area as the 2X18 was not in some way mixed up with this 
3J^ X 18. He also asks the question. What would be the effect of attaching 
a condenser to this engine? 

Brief!}-, if the e.xhaust valves of this engine will not open better than they do 
now, the condenser will not have a chance to make much, if any, of a vacuum. 
If, by changing your exhaust arrangements, you can make the exhaust valve 
open at B, on the upper line, without making it close enough quicker at D to 
lose by enormous compression what you would gain by early release, then your 
condenser may possibly effect a great deal of help to the engine. If a saw-mill 
can afford to run an engine under these circumstances, by burning sawdust, 
slabs, or that sort of trash, they may be able to make lumber; but an engine 
of that kind, working at that rate of expense for fuel, anywhere in this country 
where coal had to be used, would ruin any concern with a hundred thousand 
dollars capital, in less than five years, if all the rest of the branches of their 
business were well managed. 

These diagrams are two of the worst instances of the use of steam that 
have ever come to the eyes of the writer. They are neither uncommon in 
their outline, nor in the fact that such diagrams can be produced, almost any 
day, without going ten miles from Boston. Men are running engines which 
should have been in the scrap pile years ago, but the fact of it is they have 
some cut-off arrangement, some safety -stop arrangement, possibly their son 
has invented something which has been attached to it, or they bought it sec- 
ond-hand, and bought it cheap. It would pay the users of either one of these 
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sigines to buy a strictly first-class engine of double the capacity of either one 

Rnf these, run in debt for it, pay ten per cent, a year interest, and in five years 

l-diey would have the engine paid for. and more than have saved its cost in fuel 

ind in production. An engine that is overloaded in this condition can never 

work right or regularly, and any little laying on of the last straw will 

Plifeak the camel's back entirely, — that is, reduce the speed so that it does not 

work up as it should. It is a little curious that so many men pay no attention 

to this very important element in our manufacturing establishments. A very 

little difference in a mill of a thousand looms makes a good profit on a mill 

of three or five hundred looms ; if the looms all lose a pick a minute, in a 

thousand loom mill, on 64 X 64 goods, it makes nine pieces a day, or 2,700 

pieces per year ; and the fact of the matter is, we have seen mills of this size 

which varied from ^% to 7 strokes on the engine in a minute, and so on all 

through tiie day, making a difference of several thousand pieces of cloth In a 

year. 




LESSON XIX. 



We received an invitation from an engineer friend to visit, with him. a 
■ge manulacturing establishment, in which he would show us something good. 
tThe time was set. and we gave him an hour's leeway to get ready this exhibi- 
tion, before appearing on the scene. After waiting for some fifteen or twenty 
minutes, while his Indicators were attached, he showed us something good ; it 
was something wonderful, at least — not very good, — and we rather imagine 
he was slightly non-plused himself when he came to show us the original of 
which Fig. 45 is as near an exact reproduction as we can make it. The data, 
which goes with tliis, is as follows: Corliss engine, 30 J^ inches diameter, 36 
inches stroke, re\'olutions from 88 to 90, 3a spring ; boiler pressure, at the 
time this pardcular diagram was taken, 70 pounds ; duty, rolling wire; high 
pressure. A condenser was attached, but was not working at the time this was 



Kl 



Here are two very peculiar oudines, and all the more peculiar because of 
implaints which our friend had recei\'ed that the engine worked hard. 
We should rather think it did work hard. H and C are respectively head and 
crank ends. The engine is a trunk lighthouse, cylinder at the top, crank at the 
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bottom, driving a large fly-wheel, from which a 30-inch belt conveyed the 
power. The lines, E, are at right angles with the atmospheric line of the 
instrument, and were the basis of the adjustments which followed. These are 
drawn, in order to show whether the engine is early or laie in taking steam. 
The same letter refers to the same lines upon all the diagrams. After the 
diagrams in Fig. 4.5 had been taken, the question then became of consequence 
what to do with the engine. It will be seen that the admission line upon the 
head end is late, — in fact, very late indeed; so late that, out of 70 pounds 
boiler pressure, only 38 pounds are admitted. While on the crank end. the 
Indicator has attempted to draw a map, and after progressing for about three 
or four mchcs of the stroke, 28 pounds boiler pressure are utilized. The 
crank end is doing nearly, if not quite, double that which the head or upper 
end is. There is an approximate cushion u| ion" diagrams at B, but it a 
to nothing practically. 




In order to gel through with the thing at the earliest moment, we sug- 
gested some changes, which were promptly made by the gentleman in charge, 
while our friend took the diagrams. After making two or three changes, the 
figures shown at B were the result. In this case, however, it will be seen' that, 
while more steam enters the cylinder, the motion of the valves was still very 
far behind. Having adjusted the cut-off so that the two ends were approxi- 
mately correct, or balanced one with the other, and, having used all the leeway 
upon the rod stems, or connections, which we dared to, the load remaining the 
same all the way through, we then had recourse to the eccentric, sliding it over 
on the shaft an inch or more. From this we obtained diagrhms C, Fig. 47, 
which are vasdy different looking from those of diagrams A, Fig. 45. All this 
was done within an hour, starting and stopping not less than four or five times. 
We do not know precisely the estimation iu which the gentleman in charge of 
this engine holds the Indicator, but tliese three plates, which form the subject 
of our lesson, show t!ic difference between an engine which does its work very 
hard, and the same engine given a fair chance to do its work easy. In Fig. 45 
we have z8 pounds of the boiler pressure admitted into the cylinder. In 
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lave 40 pounds admitted into the cylinder. In Fig. 47 we have 52 
pounds ; therefore, by simply changing the position of the valves, double the 
steam is admitted into Fig. 47 that was admitted in Fig. 45, and we doubt if 
there are many cleaner cards found, than those in Fig. 47 ; whether the engines 
in cotton mills or rolling mills is not a matter of any consequence. 

The cushion lines, B, in Fig. 47, conform very nearly to our own ideas of 
the proper amount of cushion for an engine, simply enough to relieve the jar 
or shock, and it makes little difference what the amount of load is, the cushion 
does not increase with the load in the Corliss engine, or in any engine built 
with the Corliss valve. This is a point which slide-valve makers do not 
e.\actly appreciate. If there is any use of the Indic?.tor at all, there is no 
instance in which its value can be any clearer shown than in this particular 
case. Here is an engine doing regular work, in which wc presume the load b 
varied from 15 to 25 horse-power, sometimes between the very stroke of the 
piston up and down, and that a hundred horse-power variation can he made in 

than one-half of one minuti^ when it is Hoinjj its regular work. 




If there is anything in the use of steam, the diagrams A, Fig. 45. show an 
extraordinarily bad working of steam ; diagrams B, Fig. 46, show a desirable 
improvement, and diagrams C, Fig. 47, show a great deal better work than 
either of the others ; and yet this is the very same engine, the same valves, 
the same load, the same speed, the same steam boilers, and only an hour's 
difference from the time of taking the diagrams, and no expense beyond 
that of simply changing the nuLs, and running the rods out or in, as was nec- 
essary to bring about the adjustment; and yet, if this engine is doing 300 
horse-power per day, — and it does do more than that, — using three pounds 
of fuel per hour, actually costing $\ per ton, the difference between the actual 
result in using the valves as we found them, in Fig. 45, or using them as we 
left them in Fig. 47. would be a trifle over fiz per day. Yet there are some 
men in the world who are so wise that they consider that the Indicator has 
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outlived its days of usefulness, and that, while it is a very pretty toy, ' 
amount to much in practice." 

As it may interest some of our readers to ascertain how these changes 
were made, we shall take Fig. 45 for our first analysis. If you refer to the 
letters B, in the corners where the line of compression should be, you will find 
that there is hardly an outline of compression in either one. The amount of 
steam which is compressed is very slight. Rising above where the compres- 
sion line strikes the admission line, following upward on the line E, you will 
find tliat the admission line gradually leaves the line E, more and more, as it 
approaches where the steam should be cut off. And the reason for this is very 
plain. The steam valves are terribly late. The exhaust valve on the head 
end opens earlier than it really needs to. It does not open as early in Fig. 47 
as in V\%. 43, from the fact that it was set back by the connection. Now, 




Fig. 47- 



the question is simply, What is needed to be done? Tiic straggling Hni 
on the crank end, which is marked C, simply means that the valve opens 
very slightly ; the piston moves along a little, and the vaUe opens more, which 
makes the line D ; when the piston arrives at F, the valve commences to open 
still more, and finally it gets wide open after the piston has proceeded so far 
in its stroke as G, — all these letters referring to diagrams A, Fig. 45. Now. 
it will be seen that this carries steam clear over to H' before it is cut off; while 
on the other end it is simply guess-work to tell where the cut off comes. Now 
B, upon each of the diagrams A, Fig. 45, requires to close the exhaust valve 
earlier ; D, F, G requires to open the crank valve very much sooner ; while H', 
as compared with H", is much longer than H". Then we must open the crank 
valve much sooner than before ; we must lengthen the cut-off dog so that the 
crank end will cut off much shorter, and we must shorten the head cut-off dog 
so that it will not cut off so soon. Now, the exact quantity of movement to 



TWENTY YEARS WITH THE INDICATOR, 



79 



■ be given any one of these several alterations is a matter of judgment, — no 
man can say a sixteenth of an inch, an eighth of an inch, two turns, or three 
times round, — but we must always proceed with caution. Diagrams B, Fig. 
46, show what resulted from it. It will be seen in C, that the compression at 
B has increased ; that instead of D, F, G, H, in diagrams A, Fig. 45, we have 
a very fair admission line at D, and D'. but that both these motions are still 
late, as compared with the line E. The cut off is much nearer balanced, 
although the head end does not get quite as much steam as the crank end, C. 
We have now approached the limit of safety in running the connecting rods 
out of the nuts and connections, and it does not do to go too far in this direc- 
tion. If now we compare the diagrams B, Fig. 46, with those of diagrams A, 
Fig. 45, we notice, in general, that the motions are much nearer uniform — 
that is, both ends — than they were before. Now, there is only one question 
remaining: Having "balanced up," as we term it, the various motions, take 
the eccentric and roll it forward on the shaft, say an inch, for a guess. This is 
a quantity which can only be measured by the lines drawn upon the Indicator. 
Fig. 47 shows what the result of this movement was. In this case, it will be 
seen that we have very nearly " balanced up," although the head end cuts off a 
little sharper than the crank end. The expansion lines are approximately well 
disposed to each other, while the compression at B is just about right for a 200 
horse-power engine. Now, there seems to be a question as to the right amount 
of compression, or cushion, as it is termed. We have therefore drawn in a 
dotted line to show the square -cornered diagram, which so many people 
admire. The only difference between the hne, B, which is the actual line of 
the instrument, and the dotted line, is, that in the line, B, the exhaust valve is 
completely closed at D, and the piston of the Indicator gradually rises to 
about the point E'. thus making 24 pounds pressure. This pressure does not 
cost anything. — it simply confines so much steam, which would otherwise 
be exhausted, — but it does accomplish a \'ery useful effect in allowing 
the piston-head to cushion upon 24 pounds pressure, and gradually bring 
itself to rest, while, if the dotted line was followed, the exhaust valve would 
not close until D'. In this case, there is nothing left for the piston to cushion 
against, and the whole arrangement would go a half inch further if the 
connection would let it ; consequently there is thai peculiar chuckling noise, 
which is frequendy called pounding, — and, in reality, ii is a species of 
pounding, — and sometimes it pounds the keys off in the cross-head, and the 
cj-linder head comes off. In other words, the line, B, by closing the valve at 
D, produces a compression, and it eases the piston and all the connections 
back to the crank in coming to the dead center, or line of rest. Then, if the 
steam valve opens properly, these two lines, compression and admission, merge 
into one another, so that only an experienced man can tell precisely where the 
blending occurs ; and just so much steam as is used by this proper compres- 
sion is an absolute saving of money to whoever pays the bill. If fuel is of any 
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value, the parlies who are running this engine will have made a simple s 
of more ihan $2,000 a year, in difference between Fig. 45 and Fig. 47, if ihey 
will only take as good care of their engine as the diagram C, Fig. 47, will 
produce by the fuel. 

These diagrams are not perfect, for the engine has been in use for a 
number of years, and they are only given for the purpose of imparting infor- 
mation from actual practice. 



LESSON XX. 




We frequentiy receive requests to show the exact difference between a 
perfect or theoretical use of steam and the actual or accomplished use in 
diagrams. There are so many ways of constructing a hyperbolic curve, thai 
it is well not to confuse those readers who are so much interested in learning 
it, and, at the same time, the process and the tools or instruments required, 
must be confined to something that does not entail expense upon them. For 
this purpose we have selected and engraved a method which is very nearly 
accurate, — sufficiently so for all practical purposes. This method was orig- 
inated by Prof. John Pierce, of Providence, R. I., twenty years ago. 

G, A, equals the clearance in the engine, and in this our readers must not 
make any mistake; the clearance of the engine is not in proportion by 
measurement between the piston head and the cylinder head — which is given 
in this engraving — in any well constructed engine; and, in figuring the 
clearance of the engine, the steam and exhaust ports must be figured from the 
bore of the cylinder back to the face of the valve, in cubic inches. The 
amount of these two calculations must be reduced to so many inches of an 
increase or extension of the bore of the cylinder ; for instance, if we have a 
26-inch cylinder, and we find that an aggregate of the steam and exhaust 
ports added to the clearance between the jiiston when at full stroke, and the 
piston head, amounts to 265 inches, it is equivalent to one-half inch of an 
extended bore of the cylinder ; so, if it amounts to 530 inches, it is equivalent 
to one inch added to the bore of the cylinder. This is how we obtain f 
line, G A. 
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A B represents that portion of the stroke which steam was carried ; B 
represents the point of cut off proper ; A C represents the whole length of 
the travel of the piston. Now the line, G C, represents the length of travel 
and the clearance included : A F equals the steam pressure realized in the 
cylinder ; A F = G H ^ B E = C D. To the hne. A F. before we com- 
mence to erect the perpendiculars, we add 14.7 pounds for the pressure of the 
atmosphere, so that we should have said A F represents the boiler pressure 
and the atmospheric pressure added thereto; so that C D, B E, A F, G H. 
are all one and the same thing, — the boiler pressure and the atmospheric 
pressure, making the absolute pressure. Now, develop B C into any number 
of points that is desired, — preferably making them repetitions of the distance 
A B, — numbering them 1. 3, 3, 4, join each of these and the point C with H, 
the joining lines intersect B E in the points A, B, C, D. E ; then draw the lines, 
I, 2, 3, 4 parallel to B E, and at right angles to B C, to intersect the former 
series of lines. H i, H 2. H 3, H 4, H C. Now, from the line, B E, starting 
Ut A, draw a line at right angles to B E. and strike the first upright 1 ; wherever 



the line A strikes the line i at right angles to B E, ih.it is, where the line of 
the expansion curve, or hyperbolic curve, should pass through that point. 
We have now the line, A F ; draw the line, B G. from B E to 2 : then the hnc, 
C H, from B E to 3, and the line, I) I, from B E to 4, and the line, E K, from 
B E to C D. The points then given, F, G, H, 1. K, are a properly constructed 
hyperbolic curve, which is approximately correct, for tiic line of expansion of 
I, according to Mariotte's law. Now. all this can be laid out with a pair 
r steel triangles, taking one having a six-inch leg, and its fellow may be 
Brhaps a four-inch leg for the long legs. 

This is one method of laying out the hyperbolic curve. We shall, in a 
ttire lesson, show how some particular engine builders take, perhaps, a little 
rty with mathematics or geometry, or may be whh facts, in describing lite 
e of cut off, to satisfy their ideas of working steam expansively. The method 
e have given is not, by any means, the best for laying out the curve, but it i& 
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a simple one, it is approximately correct, and it is one that all our engioei 
can understand. In our next lesson, we shall show another way, which is 
really simpler than this, but this embodies the principles so well that it will be 
well for those following up these lessons to take a few cards, where the point 
of cutoff is well defined, and experiment with them. Now.it frequently occurs 
that an engineer wishes to test this and not allow other people to know that 
he has been doing it. In that case, let him take his Indicator diagram, and a 
piece of tracing paper ; then fasten the tracing paper over the diagram and do 
all his work with a lead pencil upon the tracing paper, having put a small lack, 
or a drawing tack, through each end, or through two corners, so that he 
can compare the lines without making the least mark upon his Indicator 
diagram. He can then, after having completed the demonstration, draw, 
with a steady hand, the expansion or actual line o( the engine in a different 
colored pencil, or by dotted line, and he will then have the whole thing, so 
that he can hand over the card to some of his better educated friends, perhaps, 
and let them try their hands on the same diagram. 



LESSON XXI. 



iriends. pernaps, i 

^^ 

yperbolic curve 1 
id is simple and I 



In this lesson we give another method of laying out the hyperbolic 
and where the point of cut off is clearly defined. This method is simple and 
accurate, and can be done upon any Indicator diagram in a few moments' 
time, with a pair of dividers, a pencil, and a short, straight edge. In 
Pig- 49, G H =^ B E. and both lines equal the pressure upon the piston, with 
14.7 added for the atmospheric pressure ; hence the line. B E, equals the boiler 
pressure and atmospheric pressure combined. G B is the length which the 
steam is carried, B being the point of cut off. On the lower line. H E = G B, 
and 8, i =^ H E, i , 3 ^ E l, etc. Divide the distance from E to 4, or from B 
to the end of the diagram, into equal distances, which are the repetition of 
the distances, G B, and H E, and from the point, B. draw a line to figure Z, 
and the point at which this line intersects the ordinate 1 is the point through 
which the hyperbolic curve will pass. From B, through the ordinate 2, draw 
a line to the point 3, and so on. drawing the line B 2, B 3, B 4. B 5, or what- 
ever the number of points may be. The line joins the base line, H 5, one 
point further from B than the line through which it passes. Whatever the 
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wint of cut off may be upon any diagram, leave as many spaces and one 
more as the length of the diagram covers. Then draw the lines from the 
point of cut off, B, through each one of the ordinates, to the foot of the next 
ordinate beyond, whether it be five lines or nine lines; then, by means of a 
curve, or the dividers, draw the hyperbolic curve through, and you have one 
of the best arrangements for the delineation of the actual line of expansion 
that we know of. This method, like the one in the previous lesson, was 
originated by Prof. Pierce, of Providence, R. I. 

Fig. 50 is one of the nearest approximations to a perfect Indicator card 
that we have ever seen. The data, which comes with this, is as follows: 
Rolhns engine, built by G. A. Rollins & Co., of Nashua. N. H. ; Corliss type, 
24 inches diameter, 42 inches stroke, speed 75 revolutions per minute, boiler 
pressure 75 pounds, scale 40; new engine, in the Cleveland Rubber Com- 
pany's factory, Cleveland, Ohio; 74^2 pounds of the boiler pressure realized 
in the cylinder. The engraving is an exact Jiu simile of the card which came 




from the Indicator, and was not a tracing. The steam line is perfectly elegant, 
and is as straight as we ever saw. The expansion line has a litde variation, 
which is no doubt caused by the instrument. The exhaust line is as nearly 
perfect as the steam line; the slight amount of compression shows a very 
finely working exhaust valve, while the admission line is just as nearly right 
as it can be. This is simply an elegant Indicator card from actual practice, 
and leaves very litde to be desired. Those of our engineers who are running 
Corliss engines, and are practicing with the Indicator, may imitate this card as 
near as they can, and may rest assured tliat when they reproduce it they are 
doing as near the best of anything possible as they will e^■er do. Every 
motion of the valve is smooth and clear, and some of our beginners will do 
well to take this as a model to apply the cun,e to, by either of the methods 
given in this or the previous lesson, and figure up the percentage. In this 
engine, no excess of compression or cushioning is used, steam is given at the 
right place and at the right time, the corners are perfectly sharp and clear, and 
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very well defined : and, when we say it is one of the handsomest specimens of a 
card or diagram from actual practice, we merely tell the whole story, and state 
a fact. Messrs. Rollins & Co. are to be congratulated; and we know that 
Mr. Rollins himself is a close student of the Indicator, and a man who profits 




by his experience \s\\\\ it. While we do not know the fact in this relation, 
we have no doubt that he has profited by Uie practical application of the Indi- 
cator in the perfection which he has attained in the handling of his steam and 
exhaust valves. 



LESSON XXII. 




This lesson illustrates another instance of experimenting. The diagrams in 
question are our own, taken from an engine having a Corliss cylinder, i6 inches 
diameter, 42 inches length of stroke, intended to be run at 55 revolutions, 
with comparatively little regulation, steam pressure 65 pounds, scale 30, 

The diagram, H R, Fig. 51, is from the head end of the cylinder, as we 
found it working, and presents some peculiar characteristics. The admission 
hne is a peculiarly lazy one, and the serration at A. it will be seen, is repeated 
four times distinctly before the steam line, B, is really commenced. When the 
steam line is finally started at B, it will be found to be one-sixth of the whole 
stroke before the steam valve becomes completely open. The steam line is 
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1 maintained very well; but with steam 65 pounds in the boiler, there is 

Inly 52 pounds on the piston. This is entirely too much of a difference. If 

fcwas two or three pounds, or five pounds even, upon this size of an engine, 

■and ni liii's speed, ll wnuki not be so very considerable. If it wore a five or 






K hundred horse-power engine, and the difference was seven or eight pounds, 
e should not think so much about it on account of the volume of steam, as 
kftts case, where the volume is so small, and the engine is situated so near 
ft boilers. It will be noticed that the admission line leans very much too far 
V fima the upright we have erected. 
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Leaving the connection of the steam line with the cut off at C. we have 
the expansion line, C C D, with some peculiar looking steps in it. Exactly 
what causes these steps is, to a certain extent, conjecture in any ordinary 
engine. In this, there is no conjecture about it; the engine is badly regulated, 
and is jumping about ; the load is variable, and we should not be surprised 
even to find saw teeth all the way down the length of the expansion curve. 
In fact, the serrations are visible far below [he second C. This is caused by 
the verj- unequal action of the regulator in giving different impulse to the 
piston, and by the peculiar action of the ever -varying load. 

At D we commence to exhaust. Curiously, the piston of the Indicator is 
held up for one-twelfth of the stroke, and a pressure, at D E, of 12 pounds, is 
exerted against the piston. Ordinarily we might ask. Why was this peculiar 
point? In this case it is easily explained. This engine — the dimensions 
already given — is e.xpected to exhaust through a five-inch exhaust pipe. 
while it is fed through a five-inch pipe and a six-inch valve, as though the 
valve could increase the capacity of receiving steam from the boiler which was 
throided in a five-inch pipe. When the exhaust commences at D. there is 
twelve pounds back pressure between D and E, E representing the termination 
of the atmospheric line of instrument. After the steam is started to exhaust, 
all men, who are conversant with it, know that a current of steam will soon aid 
essentially in relieving the pressure ; hence, it requires one-twelfth of the 
stroke to establish this current in the exhaust pipe. It commences to decrease 
the pressure at F, and from there to the end of the stroke, or at G, the back 
pressure is gradually reduced, in no case being' less than three pounds. There 
is a certain way out of this in the pro[)er adjusting of the valves. Its mate, 
diagram H S, Fig. 56, was taken from the same end of tlie same engine, and 
shows what improvement can be made by even a little adjustment; and, for 
the sake of relieving the exhaust pipe, the load was very materially reduced in 
this diagram, to ascertain whether the engine would exhaust freely with a 
lighter load or not. 



This is a very practical iilustr: 
hour's time by the proper applicati 
the Indicator will not increase the 
pipe, nor will it make less steam th; 



n of what may be accomplished in an 

of the Indicator. It will be seen that 

drawn through a too small 

ually present. The diagram, H S, 



Fig. 52, shows how the steam can be admitted properly, so iar as the capacity 
of the valve motion and valves will admit, C C, in the diagram H S, 
shows us conclusively that there is a little lost motion — probably in the valve 
in the stem. 

Time was not allowed for a full bringing up to the standard of this engine, 
as the question was between the builder and purchaser as to whether it was in 
good condition ; and, until further changes are made in the work, it is impos- 
sible to bring it up to standard. The lesson, however, is instructive to those 
who are watching these points, and if any of our readers desire to apply the 
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lerbolic curve, erect the upright in the same scale precisely to the extent of 
65 pounds ; take the same point of cut off, carry their expansion line out, and 
see what the actual percentage of the work done by this engine is, with the 
steam that should be in the cylinder if the pipes had been properly connected, 
and the valves had done their work. If any of them try this, they will be 
astonished, and it will be an interesting and instructive example. 




LESSON XXIII. 



We have something in this lesson of more than ordinary interest, and 
from which we can learn something in reference to real economy. The card, 
W C, Fig. 53, came from a reliable party, and was taken from an engine built 
some years since to do 350 horse-power. The dimensions and data are as 
follows: Cylinder 28 inches diameter. 5 feet stroke, 50 revolutions, steam-pipe 




6 inches diameter, exhaust-pipe 7 inches diameter, steam ports 24^^ inches 
area, exhaust ports 24.5 Inches area, balanced poppet valve and automatic cut- 
off, scale 30 ; steam pressure 50 pounds, which is one of the most pecfiliar 
features of the whole diagram. The line, E, in the diagram, W C, Fig. 53, is 
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the line of rest of the instrument, or the atmospheric line of rest ; the dotted 
line, A. is the line of steam pressure. We have assumed, in our calculation, 
that the engine should have carried steam on the dotted line. A, instead of 
which, when it cuts off at B, it has fallen 15 pounds from boiler pressure. The 
dotted line shows the expansion cur\'e had the engine cut off at boiler pressure. 
It will be seen that the steam line is quick rather than late in its movement, 
and that, when the valve is open, the steam pressure is maintained for so brief 
a period of time that it makes simply a point. The steam, therefore, com- 
mences instantly to fall away from the boiler pressure, and. as the piston 
commences to travel away, its motion is slightly increased, and the boiler 
pressure falls correspondingly. On being cut off at B, the real line of the 
engine is found at C. and without going into the niceties, its approximation to 
the real theoretical curve below would lead us to infer, and with very good 
reason, that the valves, after closing, were not tight, or that some re-evapora- 
tion took place. When the exhaust valve does open, and the vacuum line, D. 
is made, the condenser, when it gets hold, only gives us two pounds, or four 
inches; after traveling one foot we have four pounds, in the middle of the 
stroke we have five pounds, and at the heel of the exhaust we have six pounds. 
or twelve inches, as the largest amount of vacuum obtained. The line, F. is 
the line of absolute vacuum, or 14.7 pounds ; it will be seen that we do not. in 
the largest measure accomplished, quite reach one-half of the vacuum, which 
we should have done. There are two points about this diagram which abso- 
lutely corroborate what we shall find if we turn to the area of the steam ports 
and exhaust ports, and that is, that they are both insufficient to do the amount 
required with that size cylinder and that size engine. The steam ports are 
shown, conclusively, to be very lame in their dimensions, by the instantaneous 
falling off of the boiler pressure, the moment the valve is opened and the 
cylinder begins to travel ; cutting off, at about one-quarter the stroke, we lose 
15 pounds boiler pressure, and when the exhaust valve opens, for the con- 
denser to operate, we get 2, 4. 6 pounds vacuum, instead of 8, 10. 12. These 
two things show conclusively, therefore, that this engine never was fit to run 
with economy at that speed ; it might have done very well at one-half the 
speed, or perhaps 30 to 35 revolutions. The party who sent it wrote as 
follows: "The engine was unable to perform the 350 horse-power with any 
sort of economy, and came near ruining the parties by reason of their very 
large coal bills and irregular speed." 

In another engine of the same general type, we have the diagrams C C, 
Fig. 54, from a Wright engine, thirteen years in use, with 22 inch cylinder. 42 
inch stroke. 63^^ revolutions, scale of 40 pounds, boiler pressure 78 pounds, 
non- condensing. The diagram, which we reproduce, is one of a pair upon the 
same card, and shows 52^^ pounds of steam at the moment of impact, or at 
A. The dotted tine, B, represents the realized pressure. This engine carries 
its pressure to the point of cut off with a loss of only three pounds. The 
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expansion line is very good ; the exhaust valve opens and closes well, and the 
difference between the exhaust line and the atmospheric line, of 1V2 pounds, is 
partially caused by using steam for heating. If we were running this engine, 
we should open the exhaust valve quicker, so as to avoid the initial back 
pressure on the dotted line, C, and to try and open it more in the line of D. 
This would probably give us a litde more compression, which would be ail the 
more lavorable, as shown at E, and would reheve the engine, so far as it can 
be relieved from its peculiarities of make. Evidently, this engine has been in 
the hands of parties who have taken good care of it, else it would never have 
made thirteen years' time, showing such good lines as it does. The most 
ious fault about it is, its lack of realizing the boiler pressure ; whether it is 




caused by pipes we cannot say, not having that data given, and there is not in 
this diagram anything to show that the steam passages and exhaust passages 
are stifled, as in its fellow. Fig. 53. 

The difference between these two engines is, simply and purely, that C C^ 
Fig. 54, will do much more work with the same fuel than W C, Fig. 53. 
Whether C C, Fig. 54, could be improved by increasing the size of the steam 
pipe and exhaust pipe, we do not know. These diagrams are from actual 
practice, and are all the more interesting because they are so ; both are from 
the same type of engine generally, although some differences exist, and the 
: is conclusively shown that, if one is faulty, there is no reason that the 
■ need be, or for any real cause on account of the system adopted. 
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LESSON XXIV. 

In this lesson we have diagrams taken from condensing engines from two 
different tiuilders. The differences in practice, in the condensing engines, are 
quite as radical as in the high pressure or non -condensing engines, both as to 
valve gear movements, and control of the valves, regulation, and the vacuum; 
and, as the vacuum is the important part of the condensing engine, we have 
chosen engines which are not fitted with any of the patent condensers, or the 
portable or attachable condensers, whatever they may be called, both having 
the air-pump condenser, or, as it is generally termed, the old-fashioned 
condenser. 




A M, Fig. 5,5, is a Corliss engine, which has been running nearly thirty 
years, and was one of the first ones built where it was to l>e run for economy 
over some other one. The diagram is from a 32-inch cylinder, 7 feet stroke, 
running 36 revolutions, 40 pounds of steam, vacuum gauge 2-^%. scale 20, 
Thirty-four pounds of steam are put into the cylinder; the steam line is almost 
absolutely straight — does not vary half a pound ; the e.xpansion line is very 
good ; if anything, we would open the exhaust valve sooner, allowing the 
condenser to get hold earlier in the stroke, and yet the vacuum, at one-third 
stroke, measures 20 inches, and further along 22 inches, bearing in mind that 
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tills 22 inches is in the cylinder. Aside from the alteration of the exhaust 

valve, hardly anything is desired in this diagram. If the exhaust valve should 

open earlier, so as to allow the condenser access to the steam quicker, the 

value of the vacuum would, without doubt, be , 

increased from three to five per cent., and 

might be more than that. 

This engine has been noted for its econ- 
^■gmy, and has produced very gratifying results I 
^^D its owners. The steam valves, which ; 

now working in this engine, have been in use 

for many years, without change, but there is 

just this difference: the engine has been well 

taken care of.^although it has been idle for I 

some time, — and the diagram shows plainly [ 

enough that one of the objecdons that many 

people urge against the Corliss engine has no 

real foundation in fact, when the engine has 

received the same care, or really less care than 

some others, where parties make such an 01 

cry about semi-rotary valves. In this place wc 

must judge the engine by what it absolutely 1 

produces, not by any man's preferences or 1 

prejudices, and although this is an old machine, | 
B. k certainly makes a card that speaks well for I 
^■tof maker and for its users. 
^V In contrast to this, we present a diagram I 

from an engine built by Hicks & Hargrave, i 

England, some years since, now in operation I 

in a New England cotton mill. The data is 

follows: Horizontal, 20-inch cylinder, 42-inch 

stroke, 62 revolutions per minute, spring 40, 

boiler pressure 70, vacuum 38, hot well no. 

This engine (diagram H H, Fig. 56) has four I 

grades of cut-off which can be varied by hand, 

while the engine is running, — double-balanced '''°- s*- 

poppet steam valves, ^% inches, and the same style of exhaust valves (>% 

inches in diameter, with a double -balanced throttle valve and ball regulator. 
We have erected the line at right angles to F, which is the atmospheric 

line of the instrument, to show that the motions of the valves are very late in 

opening, as the steam valve only opens after the piston has traveled from 

the upright line to A. The cut off takes place slightly before B ; the expan- 
sion line is excellent from B to C ; at C the exhaust valve opens, — and this is 

one of the best forms of exhaust in any engine, either condensing or non-con- 
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densing, — and exhausts early enough to allow a sharp falling-off of pressure 
a little before the piston finished its stroke. The vacuum is 24 inches almost 
at the start, and 26 inches at the center of the stroke. The valve commences 
to close at B, and is quite closed at E, while the steam \'alve commences to 
open. This diagram, it must be remembered, is by a regulator which throttles 
the steam in the main pipe. And, in contrast to the dimensions of pipes given 
in our last lesson, this engine, with a 20-inch cylinder, has a six-inch steam 
pipe, instead of, as in one of the diagrams in the same lesson, having a 28-inch 
cylinder and a six-inch pipe. This, therefore, accounts for the loss between 
boiler and realized pressure in the cylinder, the boiler pressure being 70. and 
the realized pressure, between A and B, only 52 pounds. This engine has 
been running economically for some twelve years, although, perhaps, the 
position of the valves might be improved somewhat, so as to increase their 
economy. These are very considerably different in design and practice, both 
being intended, practically, to accomplish the same economical result. We 
have not the figures, nor is that the purpose of the article, which is only to 
show the actual difference in practice between the makers ; and this may be 
still a very good card for an engine regulating at a fixed cut off by a d 
pressure. The pressure is go\'erned by the regulator. 



LESSON XXV. 




The diagrams illustrated in this lesson are again the result of actual 
practice and a search after information. The data is as follows : Engine 10 
inches by 24 inches, 72 revolutions, 67 and 68 pounds boiler pressure, 40 
spring. Diagrams F F A, Fig. 57, is the engine as it was found ; the line at 
the left is the boiler pressure ; the distance from this line to the dotted line, F, 
is the distance the piston traveled before the valve was fully opened. It will 
be seen that the valve made a series or succession of efforts to open, repre- 
sented by the letters A, B, C, D. These will need no explanation to the man 
who thinks, — that the first movement of the piston is slow as it moves away 
from the center, and that, as the motion is accelerated, each one of those steps 
moves farther away from the perpendicular line representing the boiler 
pressure ; and at each one of these steps, or st^es, it will be seen that the 
pressure increases until, finally, the steam line, E, is reached. The cut off ia 
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inably sharp, but it is terribly late. The line, F, is dotted through the 
1 line, E, to show, that of 63 pounds boiler pressure, 37 pounds only are 
realized upon the piston head, with this very late opening; while, if we refer 
to the other end of the diagram, we shall find that 47 pounds are realized; 
and, if we look at H, we find the departure from the perpendicular line is 
about one-fifth of what it is at the other end of the engine. In other words, 
the valves upon the left card open after the piston has moved away three 
inches, while upon the right the valve commences to open after the piston has 
moved three-eighths of an inch, and is quite open at one inch. The opening, 
after the piston has receded one inch, reduces the realized pressure from 68 to 
47, whereas, Jn the other end of the engine, we have only 37 pounds of real- 
ized pressure out of the 68 ; this shows, therefore, that the rule is well founded 
thai when the valves do not open promptly, the loss of pressure increases in 
proportion as the valves are late in their movements. It will not be necessary 




for us to give any rule for this, for our readers must endeavor always to avoid 
rather than to approximate; for that reason we omit it. It is a self-evident 
fact thai this engine is doing badly enr ugh, and yet it is not the worst, by any 
means, of those which we have. 

Turning 10 diagrams F F B, Fig. 58, we have the same engine, same 
dimensions, same speed, and approximately the same boiler pressure, but the 
valves have been readjusted in their opening, and already show a very radical 
improvement. In this case, we have sixty-seven pounds boiler pressure, 
instead of sixty -eight, as in the other set of diagrams ; d represents the boiler 
pressure ; the left hand diagram opens the valve a litde quicker than we should 
advise ; the right hand diagram a trifle later, but very nearly right. At A the 
admission should come nearer ihe perpendicular line. It will be seen that the 
admission touches ihe perpendicular line at Ihe top, or, as the boiler pressure 
was nearer realized while on the other card, at B, the Indicator line leans 
slightly away from the perpendicular line ; therefore, ihe motion at A is a little 
too quick, and at B is a little too slow, and there is also rather too much 
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cushion at A. The steam line, in this case, is peculiar to poppet valve enj 
that run at high speed. The left hand card falls away from the steam line ten 
pounds at the cut off, c, and it is very nearly or quite the same upon the other 
card at the approximate cut off, or the same point. In this case, the boiler 
pressure is not realized within live or six pounds; at the same time die dia- 
grams are immensely superior to those of F F A. 

While we know nothing of the result of this change, as regards the fuel, 
we are safe in saying that diagrams F F A will probably do one-half the power 
of diagrams FEB; and that it would cost from fifty to one hundred per cent 



more coal to do it, to say nothing of the better regulation of the engine, with 
the diagrams F F B. This adjustment is something which can be done by any 
good steam engineer who has the Indicators, and who will give a little Ume 
and attention to them. If our mill owners and power users would resort to 
the Indicator more, there would be less growling about incompetence, and 
much more satisfactory results in the combustion of fuel, more power would be 
realized from the same coal, better work and less repairs, and generally a very 
much better tone in and about engine rooms and among power users. 



LESSON XXVI. 



In this lesson, we shall illustrate the Plantmeter, as applied to the practical 
measurement and computation of the Indicator diagrams, giving plain direc- 
tions how to use it, and what not to do. The Planimeter was invented in 1827, 
by a Swiss engineer named Oppenkofer. In 1849, another Swiss engineer, J 
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named Welty, made considerable improvements over Oppenkofer, but these 
instruments were heavy, bulky, and not adapted to general use. In 1854, 
M. J. Amsler, a mathematical professor at Schaffhausen, succeeded in making 
the Polar Planimeter, and again this has been simplified materially. Our 
illustration. Fig. 59, shows the Amsler Planimeter, as manufactured by the 
American Steam Gauge Company, of Boston, The Planimeter is a surface 
measurer, or, we might say, a plane measurer, for measuring the area of any 
irregular form that may exist upon paper, to reduce it to the exact area con- 
tained in that form upon any scale which may be applied 10 it. In other 
words, the Planimeter computes the area of any form which may be submitted 
to it, when properly handled, doing it by a mechanical process rather than a 
mental one. As shown, it is but little larger than a pair of dividers, and is 
enclosed in a nicely lined and leather covered case, which can be readily 
carried in the pocket, is always ready for use, and, with a little care, will last 
for years. Substantially this has been explained and the Planimeter illustrated 
on a previous page, but we have also added to this explanation the general 
features of the computation of the Planimeter, as applied to "working out" 
the Indicator diagram. 

We have taken a high -pressure, or non-condensing card, G M, Fig. 59, 
and, for the sake of computation, we shall put the following data with it: 
Diameter of cylinder 24 inches, length of stroke 60 inches, 60 revolutions per 
minute, 30 spring. When using the Planimeter, we take a piece of thick 
pasteboard, and get the bookbinder to paste a sheet of good blotting paper 
upon it, pressing it over night, or until thoroughly dried. We never use a 
finished or sized paper, or one that has a polish on it like glass. The surface 
of this paper should be kept free from bunches, projections, grit, paste, or 
dirt. A piece of blotting paper can be pasted upon a pine board, well 
seasoned, and the board hung up out of the way, when not in use, in the 
engine room or office. A piece of drawing paper can be pasted upon a board, 
or, for immediate use, any piece of brown paper which is even on its surface, 
not having bunches or projections, can be drawn out on a smooth board, and 
the Planimeter set up at once. 

Referring to Fig. 59, the point. A, must be outside of the diagram, or 
outside of the area to be measured. The index roller, C. must travel smoothly 
over the paper, and anything which interferes with its travel interferes with the 
correctness of the computadon to be made. Grit, dust, oil, or any foreign 
matter, makes your computation at once worthless. The tracing point, B, is 
what you will take between the thumb and fore-finger, running it around the 
figure in the same direction that the hands of a watch travel. The point. A, is 
[he stationary one, and, having placed your diagram, you can change the 
point, A, into any position you like that will not allow the roller, C, to come in 
contact with the edge of the Indicator diagram, but will reach the most remote 
point of the line traced by the Indicator, without touching the paper on which 
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the diagram is traced. Let it roll freely upon the paper which forms 3 
table. In starting with the point. B, we usually do so in the corner of the card, 
or any convenient point, taking care that a little pencil dot is made so that you 
may start from the same point, and stop at that point so as to read closely. The 
roller, C, after having adjusted the diagram and the Planimeter to the point 
from which you are to start, may be lifted by raising the joint of the instrument 
slightly friim the; paper, so th.it the on the wheel, and the on the vernier, 
or little scale attached to the 
joint of the instrument, shall 
coincide with each other pre- 
sely. Then take the tracing 
point, B, run it around the 
diagram, being careful to fol- 
low the line exactly, stopping 
at the same point from which 
1 started. Now, to get at 
the result, you must make a 
correct reading. In our case, 
we started at 0. When we 
stopped, the 3 on the wheel, 
and nine of the divisions be- 
tween 3 and 4. have passed 
the on the vernier; hence, 
we read 3-, 5-1 then from the 
cipher on the vernier we count 
back until the mark of the 
nier coincides with a mark 
the wheel, — which is 3, — 
hence, we have 3.93, and that 
is the result of this compuU- 
tion. We now take the point, 
B, and travel around the d'a- 
gram, G M, once more; this 
time wc get 7 as having passed 
the ; the eighth line has also 
passed the 0; then we count 
up the marks on the vernier, 
and find that the eighth mark on the vernier coincides with the mark on the 
wheel. Previously we had 3.93, so we subtract 3.93 from 7.88. This lime 
we have 3.95. Surely, we have done one or the other carelessly, so we 
repeat it. The next time we are more careful, and we get 3.93. This 
is also repeated, until we are satisfied that 3,93 is right. In reading, we 
sometimes come across curious mistakes. If we start at A, the comer of 
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■Ae diagram, G M, taking hold of the point above B, at that end of 
the lever, with the point, A, at our left hand, and the point, B, coming 
directly toward us, the diagram being slanting, the right hand toward us and 
the left hand from us, taking the lever A in the diagram as a straight surface 
parallel to our face; then we bring the point, B, in the direction of the arrow 
in the diagram, backward from where the Indicator made the marks when 
attached to the engine. We come down the admission line, work to the left 
on the exhaust line, go up on the expansion line in the direction of the arrow. 
and come back to A again. Now, the top of the index wheel must be read to 
the left of the in the vernier ; that is to say, in our last reading we have the 
figure 7 on the wheel, which has passed the on the vernier to the left ; the 
seventh line has also passed the first hne on the vernier, and then we must 
count upon the vernier to the ninth line, or until we find a line upon the 
vernier which exactly corresponds with a line upon the wheel. The line upon 
the vernier is the last one that is read. Remember, the readings on the vernier 
are last, and that the numbers on the wheel must be read to the left of the 0, 
when the instrument is properly operated. In this way you will not become 
confused, and your results will not negative each other, making confusion. It 
is not necessary to set the roller to the cipher on the vernier ; you can 
commence anywhere, having perfected yourself with reading the instrument, 
just as you can a clock when you look at it. It is better to use a small pocket 
lens in reading this. The marks on the vernier are tenths of the marks on the 
wheel. The marks on the wheel are hundredths, so that the marks on the 
vernier are thousandths. Anything can be figured or computed by the Plani- 
meter as well as an Indicator diagram, and, if you wish to test it carefully, 
take a piece of zinc, and. with a pair of dividers, make a circle exactly one 

_«ich in diameter; then, with the Planimeler, measure this carefully, and you 

^KU have the area of a one-inch circle, if you have drawn the line right. 

V Having ascertained that the area of G M is 3,93. we ha\'e now to measure 
Its length, and here is where be^nners frequendy make an error. The length 
of the Indicator diagram can only be properly measured by erecting the 
vertical lines, B, C, and to do this we use the steel triangles, placing one at the 
base, and with the other drawing the lines, B, C, just as closely as we can to 
the pencil mark actually made by the Indicator; and we must measure the 
extreme range of travel of the instrument, else our computation is incorrect 
and unreliable. It does not matter what the shape or form of the lines drawn 
by the Indicator, follow the hnes made by tlie Indicator, and this gives the 
power transmitted. Sometimes, Jn figuring for other purposes, we have to 
take in an area not defined by the Indicator. In measuring the diagram of a 
condensing engine, it can be measured in either one of two ways. That por- 
tion which is above the atmospheric line, or the high pressure, can be measured 
separately, to see what is being done ; and that which is below the atmospheric 
line can be measured to see what the condenser is doing; or. if you simply 
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wish to ascertain the amount of power exerted by the engine, then include 
the whole figure above and below for obtaining the area of this figure, and 
we think the process has been carefully described. 

The next point is to reduce it to something which shall represent power 
or work. In this case we have 3,93 on the Planimeter, the length of tlie 
diagram is 4^ inches, the decimal for J^ is .781a, We will, therefore, 
divide 3.93 by 4.7812 inches, and this will give us the height of an ordi- 
nate which will make a rectan- 
gular form that will represent 
precisely the area of the dia- 
j^ram, G M. Dividing 3.93 by 
4.7812 gives us .821. This is 
■A decimal of an inch. As the 
spring with which we are 
working is number thirty, or 
thirty pounds to the inch, we 
multiply the height of the 
ordinate by thirty, which gives 
us the number of pounds mean 
pressure exerted, which is 
24.63. This process is the 
same for any size engine, or 
any number that may be had 
on the Planimeter, and to sim- 
plify matters in our own prac- 
tice, whenever we are figuring 
an engine, we do it as follows: 
The diameter of the cylinder, 
reduced to square inches (see 
table on properties of steam), 
multiplied by the number of 
feet per minute, divided by 
33,000, gives us what we term 
the constant, which represents 
the number of horse-power ex- 
erted by each pound of mean 
pressure upon that piston at 
the speed which is given. In 
this case, therefore, the following formula is applied: The diameter of the 
piston being 24 inches, area 452-39 square inches ; five feet stroke, 60 revo- 
lutions, make 600 feet per minute; 33,000 pounds one foot high in one 
minute is one horse-power: hence, 452,39X600-^33.000^8.22, which 
represents 8.22 horsepower for every pound of mean pressure which the 
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Kflanimeter gives for any diagram upon this particular engine at the speed 
we have given. Now, as we have 24.63 pounds mean pressure, multiply 24.63 

by 8.22 and it gives 202.4586 horse-power. 

The rule for reducing the figure of the Indicator is as follows: Get the 
reading of your instrument accurately ; where but slight differences exist, take 
three or four readings and average the result ; divide this by the length of the 
card, taking care to include the extreme length of any variation. When this 
resuh has been attained, multiply by the scale of the spring which you are 
using ; this gives you the pounds of mean pressure. Muhiply the pounds of 
mean pressure by the co-efficient, which represents the number of horse-power 
of each pound of mean pressure, from the rule given above, and you will very 
materially simplify the process of working up these diagrams. If you are used 
to logarithms you can do them with about one-fifth the figures. 

The question is frequently asked as to "what shall I measure in other 
respects." The following illustrations will answer, as examples, but the rules 
which we have given above will apply to each and every one, changing the 
figures according to the facts as they exist, observing always to take good care 
of the decimals and whole numbers. In Fig. 60 we have drawn the oudine of 
two different Indicator diagrams, embodying radically different principles, in 
order to show what may and must be done with the Planimeter whenever 
using it. The diagram, A A. which is purely a fanciful one, based on the same 
steam pressure as B, is drawn for the purpose of showing that any measure- 
ment made is taken by starting the perpendicular line at the extreme point, 
D, and measuring from G D. Should we drop the horizontal line from C to 
C, we should not include the actual length of the figure over which the 
Indicator traveled. In the diagram, B B. it will be seen that the end of the 
expansion line falls below the atmospheric line, making the loop, F. In 
running the Planimeter over the outline of this figure, follow the lines precisely 
as the steam Indicator left them upon the paper, in the direction of the arrows. 
Now the space, F, really acted upon the piston of the engine by holding it 
back. The Planimeter deducts this space from that above the line in such a 
way that actual pressure upon the piston only is given. In this case, we must 
draw the vertical line from E to E, and the length of the card, B B, is from 
H to E. In brief, the rule for the action of the Planimeter, in computing areas, 
is to follow the outline of the card as the instrument leaves it. without any 
reference to ideas. It is sometimes a question, in the case of an engine with a 
large amount of back pressure, how to figure it. Take the area of the figure 
bounded by the instrument which gives the transmitted power, and, if you are 
figuring for fuel, or tiesire to know what the whole power exerted by the steam 
is, take in all the back pressure, as in the diagram, G M. The line. D, in this 
c ard, is an imaginary one, and represents what might be an enormous back 
^wicessure. Now, if this engine is exhausting under this pressure, E being 
^Hpe real atmospheric line of the instrument, and D the supposed line of back 
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pressure, then we must measure the area between E and D for fuel, for, a; 
matter of fact, the boilers furnish the steam to do this work with, but the work 
is not figured in because it is spent to no purpose. The power is consumed 
in the engine itself, and is not, therefore, transmitted to the machinery 
beyond. 

The use of the Planimeter does not require a particle more skill than does 
the use of any other good tool about the mill : it works to ten- thousandths of 
a square inch ; it is a delicate little instrument, and must not be thrown around 
like a pair of gas-pipe tongs or a blacksmith's hammer. A very little puts it 
out of order, and then it must go into the hands of some man who can put it 
into order again. We have one of the large ones, which we have carried 
probably 25,000 miles, within the last five years. It never has been out of 
order for a moment ; it is as perfect as the day we bought it, eleven years ugo, 
and, if it is not abused, will be good twenty years hence. An Indicator may 
be properly classed in exactly the same category ; it is expected to detect 
little diiferences or discrepancies, and it requires to be handled very carefully 
Either instrument is as serviceable as a good watch, and requires Just about th* 
same care in the handling, and, if they are well used, will give accurate result? 
every time. 



LESSON XXVII. 




The diagrams, here shown, are \'ery interesting comparisons. Diagram 
B S N, Fig. 61, is from a Corliss engine, built by George H. Corliss, in 1865. 
with his old style valve- tripping, tripped direct by the governor, closed by 
springs, 20,!^ inches diameter, 42 inches stroke, 84 revolutions per minute, 100 
pounds of steam in the boiler, throttle -valve wide open. The parties who own 
this valve, write as follows : " Enclosed is diagram fi-om our engine, as it was 
running on the nth of March. We call it a good card." In response to an 
inquiry, they wrote as follows: "Our engine has very variable work. At 
times it will be doing more than 300 horse-power, and instantly drop to 150, 
or below, and the governor regulates so promptly that it will not vary a turc 
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irhen the changes are so sudden and extreme. We have bored out the valve 
tats twice, and put in one set of new valves since it was started. It had poor 
management in early life, and from 1865 to 1870 the expenses for repairs, cut- 
bff attachments, oil pumps, and eccentric arrangements, were large, but tlie 
rouble arose from the incompetency of the mechanic in charge. Since the 
pew valves were put in — four years ago — we have not spent one hundred 
jfloUars in all repairs on the engine, incident to her regular work. We run ten 
irs a day. and from 305 to 306 daj's in each year." 
Here is an engine that was, for 
*the first five years of its life, badly 
abused, in charge of an incompetent 
man, — the bill of expenses for re- 
pairs was large, — but since the new 
order of things all this has been 
radically changed. We frequently 
hear it said, — mostly by parties 
who are interested in some other 
style of engine, — that the Corlis: 
engine requires reboring, refitting, 
and a new set of \ah'es every few 
months, or weeks, even, but ' 
seldom find people who are using 
them, where they have anything 
except a numskull in charge of 
the engine, who corroborate any 
such kind of a statement or story. 
We have drawn vertical lines, and 
find that this engine is taking its 
steam very nearly right ; in fact, the 
admission line and the vertical line 
are so near together, that we would 
not advise any alteration at all. 
The steam line of the engine is 
very good indeed, considering its 
high speed, and the amount of 
work it is doing. With one hun- 
dred pounds in the boiler, we get 

92 pounds at A B, The steam ' '" "'■ 

line on the head end is hardly as good as on the crank end. and it falls, before 
cutting off ten pounds, from the initial pressure reaHzed in the cylinder. 
The expansion lines are very good ; the only change we would suggest, would 
be the opening of the exhaust valve at C, D, making the dotted line down to 
the atmospheric line of the instrument, so as to save the little back pressure 
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upon the return of the piston. This would, undoubtedly, make a little r 
compression, and would make the engine run fully as quietly as now. Practi- 
cally, the diagrams are first-rate, better than the average, which only goes to 
prove that the Richards Indicator, with which they were taken, with a 40 
spring, is reliable, when kept in good order ; and we believe, with proper care, 
it will take a steam engine up nicely to a speed of one hundred revolutions. 
The diagrams in question were taken with a three-way cock, and are of no 
value in the adjustment of one end with the other. 

In contrast with diagram B S N, we publish digram H E W, from an 
engine which has been running 30 years, old fashioned slide valves, cutting "ff 
at half stroke. The cylinder has never been rebored. It is 20 inches in 
diameter, 4 feet stroke, 55 strokes per minute; boiler pressure 75 pounds; 
mill heated by exhaust, as also the wash room and dye room of the concern 
from which this was taken. The scale of the diagram was 44 pounds per 
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inch. Fifty-five pounds of die boiler pressure is put upon the head of the 
piston, cutting off at about one-third stroke. Six pounds is lost at the cut off 
from the pressure realized at the commencement of the stroke. The expan- 
sion line is somewhat wavy, and the back pressure is not excessive, when it is 
considered what an amount of work the engine is doing. While this engine 
is not among the most economical motors of the day, it is an example of old 
style engineering, which is capable of doing lengthy service with reasonable 
economy. We are not informed as to the amount of fuel used for the power. 
It will not, however, compare with the economy of diagram B S N. At the 
same time, diagram -H E W is a vast improvement over engines built in its 
day, some of which are now running. We have hardly the data at hand for 
comparing the relative efficiency. We would not advise the purchase of an 
engine of this class, from an economical stand-point, and yet, some of them are 
doing fully as good work, for the pounds of coal consumed, as modern engines 
not built upon the right principles. 
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LESSON XXVIII. 

The object of the diagframs in this lesson is to illusLrate, as the acquaint- "j 
ance with the Indicator e^ctends, some little occasionals chat will peisbt in 
cropping up, and not always to the pleasure or profit of the party who is 
operating the instrument. These diagrams are, for the sake of convenience, 
traced upon the same block. As they are both from actual occurrences, which 
are liable to occur at any time, we have made them the subject of this lesson. 
The Indicator is a delicate instrument, and requires care; it also requires, 
what good printers have to mix with their ink to get nice work — a little 
brains and practice in the use of it. The card, A, Fig. 63, is taken from a 
Richards instrument on a Corliss engine. The engineer discovered, all at 
once, that the Richards Indicator was not reliable, and he made this discovery 
by the help of a gentleman who was very strongly prejudiced in favor of 
another Indicator ; and this gentleman, who was educating the engineer, forgot 
entirely to tell him that possibly his Indicator might be out of adjustment. 
even if he knew it himself: so ihc engineer was writing for advice regarding 
whose instrument he should buy, and the diagrams came to us through the 
maiL Now, if our readers will pay attention, some of them may know imme- 
diately what is the trouble when they see this thing repeated. Starting at A, 
or at the termination of the exhaust and commencement of compression, we 
notice that the line is heavy ; it gradually comes to be dots, and the dots are 
further apart, — there is no steam line, — and, after the expansion has begun, 
it starts in again with dots, and finally, after some time, makes a heavy line 
again, and at A, on the expansion curve, comes down to about the right sized 
line again. Now this instrument was a Richards, made several years since. 
We wrote the engineer to please send us his instrument, and thought we could 
tell him where the trouble was. Upon our applying the instrument, it did not 
take over twenty seconds to find the whole trouble. The piston barrel is 
surrounded by a casing, and the paper cylinder is held in place by a short 
bar. The stand which surrounds the piston casing of the instrument had 
been thumped, and die bar had been sprung so that the top of the paper barrel 
was further away from the top of the piston than the bottom of it. Conse- 
quendy, when we fastened the pencil to the bar, it made a heavy mark at the 
bottom, and made no mark at all at the top. In other words, the paper 
cylinder was out of parallel with the piston rod of the instrument. Sometimes 
the cylinder gets sprung exacdy the other way, so that there will be a heavy 
mark at the top and none at the bottom. A little readjustment and correcting 
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of the springs, — which had been used a number oC years. — and after 
loostning the nuts in the heads of the springs, we put ihe instrument back 
again upon the engine, and it made elegant diagrams, so much so, that on its 
return the engineer decided that lie did not know all there was about an 
Indicator, although he had been using it 
a number of years : and, instead of buy- 
ing a new instrument, concluded that a 
reliable instrument would answer just as 
well. This is a thing that not infre- 
quently happens. We have seen parties 
lay an instrument down upon a bench, or 
hit it carelessly against a weight, shaft, 
or something, and then, for the next 
three months, grumble about their Indi- 
cators having given out, or got out of 
order, when, as a matter of fact, a httJe 
carelessness put the instrument out of 
shape, and lack of patience, or pains in 
ascertainmg just where the trouble was, 
kept them from realizing their folly or 
ignorance. 

In card B, Fig. 63, we have quite 
another case, yet not a particle less inter- 
tsting or less profitable. In this case, 
ihc compression hne will be found to be 
dotted ; the steam line is \'ery good, but 
ihe expansion line — the upper portion 
nf it — is anything but good, and it 
finally drops away into dots; and down 
on the expansion line, B, there is a 
sudden falling off, and a very erratic 
continuation of the expansion hne. This 
is a peculiar, but by no means impossible 
diagram, and, if our readers will draw a 
line parallel with the atmospheric line of 
the instrument on the diagram, they will 
find thai the dots commence at about ihe 
same height from the parallel line at both 
^^^- ''^- ends of the card ; in other words, tliat 

the dots on the compression or admission line, and on the expansion hnes, 
commence at just about the same height from the atmospheric line in both 
cases. This can hardly occur from any action of the steam in the cylinder. 
The party who sent this diagram took it from the Thompson instniment, asd 
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he dfe Jared his belief that the Thompson instrument was not over half made. 
We I equested him to semi it to us. which was promptly done. Somebody, 
who had been trying to handle it, had bent the piston head on the end of the 
r<nt ifl one direction, and had sprung the piston exactly in the other direction. 
W'hi.n the bend in the piston rod, or shell which surrounds the connection 
with the parallel motion above, came through the bearing in the top, it 
neciMsarily bound, ahhough but slightly, and the pencil jumped. The steam 
line is straight, or nearly so, for the best of reasons: the piston of the instru- 
ment was at that moment standing still, the pressure being so nearly uniform. 
When it starts to descend, it makes a very fine cut off, but after it descends an 
eighth of an inch, then the trouble commences by the piston beginning to stick, 
and sticking worse until it makes dots. Beyond the letter B, on the expansion 
hne, where the jog is marked, it drops off instantly, and, if the curve is 
applied, the expansion hne at this point will be found too high. Up to this 
time, the pressure in the cylinder was nearly enough to help the bend in the 
piston-rod, but, when the steam became thoroughly expanded, then the piston 
went down with a jump, and the hne beyond it shows exactly how it worked. 
Upon a careful examination of this Indicator, the bend was found to be very 
small, but was just as essential as though it had been bent double. The piston 
was sent back and reorganized, a new piston put into the instrument, and 
some of the most elegant cards taken at the first trial. Upon returning the 
Indicator to our inquirer, he wrote briefly, saying, " I believe that the Thomp- 
son Indicator is well made, and that I am a good deal nearer a blockhead than 
anything else. Please don't give this away, and the next time I am stuck I 
shall know where to send." 

Now these cases are possible. It does not do to put your Indicator in a 
vise in order to get at any unscrewing of the parts; it must not be run by 
tallow or cylinder oil blown into the piston, for the piston was not made to 
work in that kind of material any more than in a sand bank ; it requires, at 
times, a little patience, and makes a good deal of annoyance, as we have often 
found, at the expense of burnt fingers and abraded knuckles ; but impatience, 
and getting out of sorts, don't make the Indicator work better, and it does 
frequently get a man into a complete tangle. It makes no difference how 
much pains the maker of the instrument takes in its adjustment, the machine 
must be used as a machine, and as a very intelligent one. 
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LESSON XXIX. ^^^H 

The different classes of engines in use show, to the investigator, peculiai 
I'agaries lyid radical departures from either the tlieoretical or practical, so fai 
IS economy is concerned. At the same time, men have peculiar ideas, anc 
Frequently indulge themselves in experiments which, sooner or later, develoj; 
into such peculiar looking objects as we have for the subject of this lesson 
We have had much to say and do with the rotary valve, and now we have s 
Sxed slide valve, or, as it is usually spoken of, a plain shde valve, in whicl 
::ase there is no cut off beyond tliat limited by the carrj-ing of the steam. Tht 
four sets of cards shown represent four different engines; we might, witl 
[>erfect propriety, say four abortions in the use of steam. A little explanatior 
ffill show tiiat each one of these was an attempt to work out somebody's idea; 
,n the use of steam. 


1 
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Fig. 64. 

Diagrams A, Fig. 64, is what is termed a rotary-plug valve, scale 40, and 
t might, perhaps, puzzle some of our readers to ascertain which was ih« 
iieam end, and which the exhaust end of the diagram. Both diagrams art 
ji^'en. but the subject is hardly worth more space than we have now given it, 
rhe scale is 40. and the base line, or lower line in the card, is the line of rest, 
)r the atmospheric line of the instrument. The man who arranged this did 
lot believe in clap-trap valve-gears, and he succeeded in making his own valve 
jear work. To use a little quotation. "No need of such nonsense; we can 
nake a simple, cheap engine that will work just as economically as any ot 
hem." Strange as it may seem, this man really had the good sense to make 
ise of the Indicator, and he was very soon converted to a clap-trap valve 
^r. We don't wonder that he was. 

Diagrams B, Fig. 65, show what may occur to the plain slide-valve 
;ngine when the eccentric slips from one-quarter to one-third of its way or 
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the main shaft. The steam and exhaust are very late, and this engine wnuld 
make first-rate junk, and would be cheaper in the junk pile than in the engine 
room if it had to work in this way. 




Di^jams C, Fig. 66, are a curiosity in the literature of engineering. The 
mgine was moderately well constructed, the steam line, as shown, is very fair, 
tlie exhaust commences to open at about the right place, but it never gcta 
open enough to get rid of the back pressure. But the trouble in this case ia 
not ill the engine, it was, rather, in the vague ideas of a man who did not 
believe in heating his mill by direct steam. He was going to economize hia 
exhaust. His train of arjjument was something like this: " If my exhaust 
steam can be carried through a long pipe, I can extract all the heat from it, 
and save what would otherwise be thrown away." Not satisfied with this, he 
had another exceedingly happy thought : having used .1 considerably long 




, he kept reducing the size of ihc pipes for fear that one or two 
extra degrees of heat might escape hia grasp, until, finally, what tittle heat 
there was left in the steam, was made to escape through a threir-fjuarter inch 
pipe, and a tank of water. The diagram show* that h<: mwlc ti Williaot 
success in one respect, and a brilliant £ulure in the other. Me [jfobaMy 
succeeded in extractii^ all the beat, but at a ilighl cxpt-nx; in luel. The 
figures show the readii^ of the Planintcter. It will \k ma-h that the HIective 
work yielded was 238 out of 773, In other worch, it requiml 77J htina- 
power, if you choOK, to develop sjUt hone-pcFwer, traJMmittcd k> ibc 
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machinery, 238 horse-power being yielded by the belting, and 435 horee- 
power being consumed in pushing the steam out of the cylinder, through 
several miles or less of pipe, into a tank of water. While the amount of 
power in this case is largely exaggerated, the actual proportions are precisely 
as stated. He did heat the rooms, and he did squeeze ihe last item of heat 
out of the steam ; which, in turn, revenged itself upon him in his fuel bill, as 
any sensible man would long before have discovered. At the commencemeni 
of this operation he congratulated himself We can imagine him rubbing his 
hands with glee, but when the fuel bills began to come in. his face grew as long 
as a broomstick ; he wondered somewhat, after a little time wavered, then 
doubted his own success, and, as a last resort, called in the doctor ; and we 
will let him down easy, by saying tha' he now uses direct steam for heating 
his mill, runs his exhaust steam through a heater, and takes very great pains 
that his heater has an extravagantly good amount of exhaust room, that the 
steam is not choked anywhere, and looks out for sharp turns in every direc- 
tion ; and he is not only a converted man, in the strictest sense of the word, 
but is richer, both by experience and in his pocket. Heating by exhaust 
steam is a great hobby with some people, and others who have tried it have 
found that it is, unless properly managed, very expensive ; in fact, so much so, 
that many concerns have abandoned it, preferring to heat their feed water, and 
then, having economized in a sensible way, they can well afford to make more 
steam, and send it around by direct circulation. It hardly pays to heat by 
exhaust steam when it troubles the power of the engine, and this party referred 
to above was, no doubt, an unbeliever in the utility of the Indicator, until he 
was converted by main force. In other words, it required him to bring his 
skull in contact with a stone in order to set him thinking. 




Diagrams D, Fig. 67, represent an experiment upon .in elaborate scale, by 
an engine builder, and a man of some considerable experience, who really 
made a pretence of building a good engine. This man also had a hobby. It 
was, that the impact of the steam upon the piston head was tremendous, and 
that, instead of doing the work as it should, by attempting it in that way, 
continually tore the engine to pieces, or set it to thutnping and pounding — 




TWENTY YEARS WITH THE INDICATOR. 



109 



Et he had a brilliani idea. As the impact of the entering steam was altogether 
wrong, and could not do any work, for the crank was on the centre, he 
concluded that the time for the action of full pressure was in the middle of 
the stroke, as he believed in putting the steam where it would do the most 
good. He constructed his ports and valves to work as these diagrams show. 
He believed he had the philosopher's stone and the true theory of steam 
distribution, and either his engine, or one of the high speed engines, must fall. 
His conversion was, perhaps, as forcible as the engine. He admitted steam 
gradually at first. (The diagrams are taken with a 40 spring,) It will be seen 
that the steam raised in the middle, struck to the highest pressure, takes a back 
lash before it gets ready to exhaust, and really bears a very fair analogy to the 
shape of a sperm whale's head. The figure is a literal representation of the 
obtuseness of this man, who afterward found that there was a good deal of 
difference between tweedle-dee and tweedle-dum. 

There is nothing good to be said of any of these diagrams, yet they are 
not, hy any means, the worst that could be produced. Taken as a class, A 
and B are fair representations of what is being done regularly, while C and D 
are monstrosities, and are of no more practical use, or real practical value, 
than a wooden man would be as engineer. We have given them, not because 
they conveyed valuable instruction to our engineers, but for the reason that 
this lesson is intended more for steam users and for some of those parties who 
belong either to the chronic or constitutional grumblers. We know, person- 
ally, where there are engines running worse than either of the four cards, and 
It five miles from where we are now writing. 



LESSON XXX. 



The diagrams for this lesson are both from men who are running engines. 
Diagrams A. Fig, 68, are from an engine manufactured by the Hartford 
Engineering Company, of Hartford, now in operation in a New England 
cotton mill. The data which comes to us is not complete. Steam 72, scale 
30, revolutions 124 per minute. The steam line is very good indeed. The 
cut off of this engine is closely defined ; the expansion line would seem to be 
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very good, but, as the clearance is not given, we cannot state definitely what 
its approximation is to tlie so-called theoretical curve. The exhaust valve 
upon either end opens early at A, and the back pressure is very small. We 
have no means of knowing whether the steam is being exhausted into the 
open air, or is being used for heating. At any rate, the back pressure is less 
than two pounds. The compression lines made by the valves of this machine 
require less length of stroke, and approximate to steam pressure nearer than 
that of the generally constructed high-speed engines. In other words, there 
is less compression in volume as regards the proportion of compression to the 
whole length of the stroke, and the compression Is made effective by what 
appear to be close working valves. The engine falls about ten pounds short of 
boiler pressure ; but, unlike most high-speed engines, the steam line does not 
drop off ten pounds from the pressure first realized on the piston. The falling 
off of the steam line from the first impact is not appreciable, in fact, cannot 




red by the scale used. It is radier a matter uf regret that more data 
did not accompany the card. The valves would seem not to be leaking ; ihdr 
action is proportionately the same ; the expansion line, we have little doubt, 
will approximate very nearly the curve ; and yet, much of this depends on the 
condition of the steam, and the distance of the engine from the boilers ; but, 
taking it precisely as it reaches our hand, it is a very good diagram. This 
engine must not be confused with what is known as the Buckeye engine, 
built in the West. This is peculiarly an Eastern machine, and is very far 
superior to any cards we have ever seen taken from the Ohio machine. 

Diagrams C F, Fig. 69, come to us all the way from St. Louis, and is 
from the Reynolds -Corliss engine, built by Allis & Co.. of Milwaukee, Wis. 
The data, which comes with this diagram, is : Diameter of cylinder 28 inches, 
length of stroke 5 feet, revolutions 63, spring 40. boiler pressure 75. The 
peculiar feature of thb engine is its beautiful compression lines and the dose 
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expansion line. The steam pressure is very nearly the same, failing nearly ten 
pounds from boiler pressure. The dotted lines over the steam line would lead 
us to suppose, not having the facts in our possession, that the steam was either 
drawn some ways from the boiler, or else through a pipe that was hardly large 
enough lo supply the demand made by the opening of the steam valves. It 
will be noticed that the head end falls off more radically than the crank from 
the steam line or induction pressure, and this fact would give us the rounding 




over of the corner from the fact of the steam valves closing on a deficient 

supply of steam, so that the steam is, to a certain extent, wire drawn through 

the valve after it commences to close, and this, in fact, is the only poor feature 

nof this diagram. Judging from the appearance of the cards, we should say 

Kthat the engineer in charge had some pride in his engine, and was endeavoring 

pto see how well he could do with it, rather than how much he could get out of 

Both these cards were taken by the engineers themselves. 



LESSON "XXXI. 



A PRACTICAL illustration of the value of the Indicator could not be more 
cibly made to the minrl of any man, who is capable of reasoning, or one 
Vvho is not prejudiced, than the one which is here presented. We frequendy 
r receive inquiries as to peculiar points of working, some of which cannot be 
lexplained satisfactorily without a careful investigation, and others which can 
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never be remedied until after the faults which are lefl by the builder in the 
machine are all removed. 

In order to save space, and, at the same time, to make the lesson all the 
more forcible, we have drawn two sets of diagrams upon the same block. The 
disproportion in the outlines which follow each other can be studied by any 
one who is interested. Briefly stated, the case is as follows : Some time ago, 
the writer of this was called to look at an engine just outside the City of 
Boston. The engineer did 'not believe in Indicators, and considered that any 
man who attempted to meddle with the engine, after he had placed it where 
it should run, had taken in a "pretty fat job," to use exactly his own words. 
However, the engines were adjusted, although but one of a pair was generally 
used. After he saw how easy it was to control the movement of the engine, 
and to bring everything into working order, he became very much interested 
in the Indicator, and the agent of the concern ordered a set, with which the 
engineer is now very greatly interested, and is keeping close track of his 
engine. The engines were carefully adjusted, and. as some changes were 




going on at the time of our visit, we advised the changing of the main steam 
pipe leading to the engine. As some especial piece of casting had to be 
procured, it was not done at the moment. So we were somewhat surprised, a 
short time afterward, to receive a pair of diagrams, one taken at either end 
of the cylinder, on the same stroke, of which A A are almost absolutely exact 
reproductions, together with a note from the agent, saying that there was some 
trouble with the engine, but, as nothing had been changed that they were 
aware of, he could not explain, nor could the engineer, why they should make 
such cards ; would we telegraph him, the instant we received his letter, what 
to do ? Here was a puzzle. The crank end is the same for each diagram, in 
general, at least, but the disproportion between the head and crank dotted 
line is rather loo for out for general use. The other engine was disabled. He 
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Iwu] worked all day Monday in trying to get at the matter, so that our letter 
was received Tuesday morning. We telegraphed him at once to lake off the 
head end of the cylinder and see if there was anything jammed into the port, 
or if the valve was free in its working. After two or three hours, back came 
his answer: " Port all clear; will be ready to run in half an hour. What shall 
we do next if the card don't improve?" Away went our answer: " If the 
same difficulty still exists, pull off the new valve and see if there Is anything 
in the steam-way so that the valve don't get steam ; if this don't cure it, I will 
be there at five o'clock." This left our office about eleven o'clock. At four 
four o'clock, P. M., came another; "No improvement on taking off the 
cylinder head; we followed directions, and dug out a blacksmith's shop; just 
connected up, and everything is lovely and on the top shelf." Next morning's 
mail brought us along a laughable letter, enclosing diagrams B B, showing the 
boiler pressure at C C, scale 40, engine 60 X 23, running 56 revolutions. The 
end of this letter was about as follows: " If there is a man in this country, 
today, that swears by the Indicator, it is your old friend, our engineer, but he 
thinks that a little Indicator, some telegraph, and some common sense, work 
in pretty well together." Herewith follows an explanation. The joke of the 

^tte^ was, that he threatened to send us the whole batch of Stuff tikken out 
the steam passage between the main valve and the Steam valves. 
" When the new steam pipe and valve arrived, our master mechanic, who 
usually has charge of these things, joked the engineer alwiit his not loving 
that ' feller ' who came out with the Indicator. They had some good-natured 
chaff, and when it came stopping-time at night, the master mechanic, thinking 
to make some of his tools all safe, put a large lump of copper, a short stub 
wrench, an S wrench, and a piece of lead, which he had been using, into the 
steam chest of the engine. The next morning the master mechanic Wiu called 
to another part of the yard, and, before leaving, »ent one of (he men to the 
engine room, expeaing to join him in a few momenta. Being Iwthertd, , 
elf, by something which demanded his attention, the engineer and hb 
istant. being in a hurr^' to get that mill started, heiited machinist numlier 
» to lift the big valve in its place, and then they had a hunt after the 
wrenches, — not. however, finding (hem. Others were pr'jcurcd. the valve wu 
put on. the gaskets placed, and everything screwed up Uir 'kcefM.' Sicam 
was then put on. and the engine ataned slowly to sec thai everyiliing was jiX 
right. The resuh you have in the cards. The joke of the whole thing b 
that, by changing the men. one had forgtmen about his K^tok, and (he frther 
knew nothing of il. so that we were all day digging <^rui frtir m»ctune iihop. 
The lesson has not been without good results, and if our m»Mtt tnechanie !• 
easily nettkd now by reCereoce 10 bit new imA chat, you cui imagine wb}' hc 
appreciates the joke. The engioen- in (urn laughs at the mcdnnie, irbo had 
previously chafled him r'the engineer^ abrMH ihe IndJcailor nlbir, bjr tl 
to take oat a patent ibr hi* new tool dKat-** 



engine 

^■■nstanl 
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Our readers have here a stubborn fad, and an expensive one, 
same time, a very instructive one. The diagram. A, head, shows conclusively 
thai the steam is shut away from the piston by some reason or other. Some- 
times lools have been clogged in the port, but we do not know that the passage 
was ever before, in our own experience, blocked up back of the port. A lump 
of copper, five and one-half or six inches long and more than two inches in 
diameter, and a piece of lead as big as two ordinary fists, cover a large 
proportion of the length of the steam port. Come to mix these up with a 
stub wrench, made from inch and a half iron, and some other little matters, 
which, fortunately for the valve, were so placed by the blast of steam that they 
did not pass over the valve and catch between the val\'e and the port, or they 
would have made music, and an expensive bill of repairs, and effectually shut 
the steam away from the head valve of the engine. One of the beauties of 
the automatic adjustment is seen in A, crank. The steam pressure steadily 
diminishes from the time of impact, and the steam line drops nearly ten 
pounds ; but, compared with B, it carries steam very much longer, endeavoring 
to make up for what the head end, A, lacks. The race, however, was a stem 
chase, and it was impossible. But after the machine shop was removed from 
the steam chest, B B shows that the engine was in excellent adjustment, one 
valve, if anything, being a trifle off" time, but the steam lines are so nearly 
good that it is not necessary to criticise them. 

There is also another lesson to be drawn from this, viz. ; It don't pay to 
joke too hard, or to play tricks, one workman with another, in a job like this, 
where one man may forget what he has done, or another one forget exactly 
where he left off. It was a very fortunate occurrence that a smash-up did not 
occur, and had some of these tools passed the steam passage to the front of 
the steam valve, there might have been a smash with serious consequences. 
The Indicator only tells the truth, and, if the steam is shut away from the 
■ piston, it may not write upon the Indicator card that practical joking is 
expensive, or a machine shop out of place has choked the steam off, but it 
does tell distinctly that the steam don't get to the piston, and sensible men, 
like those who use the Indicator, usually commence an investigation without 
waiting for a smash. There was never a better illustration of the real value 
of the Indicator than this : and. although it is absurd in one point of view, we 
consider the instructive as predominant, hence, give it a place among our many 
lessons. 




TW£A'Ty YEARS WITH THE INDICATOR. 



LESSON XXXII. 



The point in the following needs a little preface, in order to be thoroughly 
digested by our readers; we mean, of course, the practical ones. Yet it is 
only one case where a consulting eiigineer has to trample down both ignorance 
and prejudice, and can only let daylight shine, where prejudice and ignorance 
has sway, by the use of a sledge hammer. The point in question is one which 
reaches directly the pocket of tlie victim ; and for this, steam user.!; are not so 
much to blame as those men who sign themselves "experts." Briefly, the 
case is as follows : A manufacturing company had a large engine and boilers, 
and a first-class, sensible, clean, and intelligent engineer. The engineer had 
satisfied himself that he was using more coal than he should ; precisely the 
reason he did not know, for he had no Indicator. After a good deal of 
persuasion, he induced the manager to make a call upon us for advice. We 
suggested the application of the Indicator; but he did not understand the 
thing, couid " not see why his engineer could not set the valves," and repeated 
the whole train of arguments which are so often rehearsed to the man who is 
a consuldng engineer, and has any practice. He finally inquired our terms. 
" Fifty dollars a day," we answered him, " and not more than one day at a 
lime; we must consult our -other work and appointments." Rethought that 
was pretty hard; in fact, he " would not pay any man fifty dollars a day, — it 
was more than he was worth." We mildly suggested to him that there were 
other men who could apply the Indicator, and we were perfectly willing for 
them to have every chance. But in his case it was not sufficient to have the 
Indicator applied ; but, as the darkey said to the surgeon, he wanted also to 
apply the " know how," which we have been trying to learn for the past twenty 
years. We bade him good-bye. and good-naturedly advised him to call again 
and give us his results. A few weeks after, he called, bringing some Indicator 
cards, and frankly confessed that while the engine had been improved some- 
what, he was thoroughly terrified at the amount of coal it was running through. 
He presented us with the card X A i, Fig. 71, and any one who knows 
anything about working steam would not dream that this was made by a 
Harris -Corliss machine. If it had been made on one of the old-fashioned, 
grid-iron cut-offs, sliding on the back of the main valve, built thirty years ago. 
we would have called it a pretty fair production of that style of engine ; but. 
as to its comparison with any modern idea, it is radically deficient, and one of 
the worst abortions we ever saw from this kind of an engine. The old 
question then arose. We told him frankly we had quite enough to do without 
the job ; at the same time, we liked just such a job, for it furnished food for 
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refleclioii for other people who are using steam power. But the old gentli 
thought the price was abominable, and went to consult his treasurer. A few 
days after, he and his treasurer walked in with the sSme diagrams. A half 
hour was spent in chattirifj an<l chaffing, and no result was reached. 

In about a week, the son of the 
agent came in, bringing the cards 
which our expert friend had uken, 
showing the state in which the 
fine was left. The son was one 
of those intelligent fellows, who not 
•nly wants to know what is going 
in, but also some good reason 
why. We asked him if he had any 
objection to our running our Plani- 
metcr over the card. "Certainly 
ncji ; he wanted information." In 
running the Flanimeter over the 
card, X A 1, we told him that he 
was losing about 25 per cent, of his 
power by back pressure; in Other 
words, that the back pressure was 
abominable; that the engine was 
largely overloaded, and that the 
draft of steam did not allow him to 
realize his boiler pressure; but that, 
if he could afford to burn five tons 
of coal to do what four tons ought 
to do much better, it was not OUT 
business, but his. We finally made 
him a proposition, thai we would 
indicate the engine, adjust the 
valves to suit ourselves, and be 
Esponsible for results, if he would 
gree that the engine should be let 
~ alone, and we would take one-half 
'" ''' of what we could save in fuel for 

thirty days' running time; to take his last four or six months' account, and 
average the time, and take our thirty days' run, actual weight, and let himself, 
his father, and his engineer, make their own figures. He went away. A day 
or two after, he accepted our proposition. We named a day, and obtained a 
half dozen reproductions of X A i, with little variations, according to the 
load. The engine is 23 X 60 inches, 57^ revolutions, 90 pounds of steam, 
scale 40. Measuring from the atmospheric line, or line of rest on the instru- 
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It, we get 85 pounds into the cylinder, It is hard work to teil where the 
le commences. There is evidently no 
that there is a slight amount of back 
eni of the exhaust, with a 



cut off is, or where the expani 
difficulty in telling where it ends, 
pressure in the cylinder. At the 
nine-Inch exhaust pipe wide open 
into the air. and not more than 40 
feet long at that, at A, we get 25J4 
pounds back pressure ; at the centre 
of the stroke, we get 1% pounds, 
and at B, we have 5 pounds left. 
The engine was burning twelve and 
a half tons of coal a day, of eleven 
hours, developing 750 horse-power, 
of which 595 horse-power was trans- 
mitted, less 156 horse-power back 
pressure. If our readers will figure 
this a litUe, they will find that the 
engine was running with three 
pounds of Lehigh furnace coal, or 
what may be better known, per- 
haps, as " broken," in pieces about 
the size of a man's fisL SlighUy 
over 25 per cent, of the load was 
thrown away. After four hours' 
work, a part of which was spent in 
making explanations, and several 
stoppages, we produced X A 2, 
which represents 470 horse-power, 
nearly, and yet was driving the 
same machinery as X A I. 

It will be seen that X A 2 has 
exactly 90 pounds of steam tn the 
cylinder at the impact ; that the 
point of cut off is very sharply 
defined ; that the steam pressure, to 
the extent of five pounds, is jo.st . 
so that we start with 90 pounds, and 
cut ofl^ very sharply with 85 pounds. The expansion line, without applying 
the theoretical curve, to the practiced eye. is a beauty. It must be remem- 
bered that every pound of the mean pressure on the piston of this engine 
gives 7.239 horse-power ; hence, 37;^ per cent, of the load by X A i is exactly 
thrown away. Yet no heating was being done ; the engine was exhausting in 
both cases into the open air. X ^ 3 shows V/i pounds of back pressure on 
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an average, commencing slightly in excess of that, and terminating the exlifllB 
by a very handsome compression, and almost absolutely correct admission. 

This is a most interesting case, because it is based on absolute facts. At 
the end of three weeks from the adjustment of the val\-es, the old gentleman 
called to see what our charge was to be. We referred him to the engagement 
made in his son's letter. A day or two afterward, the treasurer called with 
the same question. We simply referred to our agreement, which was in 
writing. The day before the termination of the thirty working days, the son 
called, asking us if we expected a saving which would amount to 30 tons of 
coal.. We told him we expected a saving of over 70 tons of coal, as the total 
amount saved, and he told us they were going to exceed that amount, he 
thought. Here the matter was left until the thirty days terminated. The 
account rendered, is as follows: For four months' working days, 24,783 
pounds of fuel were used, including banking fires at night, and on Sunday, 
under boilers sufficient to run their big fire pump. For the thirty days after 
the readjustment, 5,140 pounds of coal were saved each day, the fuel accounl 
being charged with banking the fires, and maintaining a steam pressure noi 
less than 50 pounds on four boilers every Sunday for the big fire pump. The 
coal in the coal -house cost {56.40 per ton, making a clean saving of $16 per 
day, saying nothing of the few pounds of coal over zj-i tons. They figured, 
therefore, the saving, by the simple readjustment of the valves, to be $480 for 
five weeks' running lime, 66 hours per week, making thirty working days. 
The letter received from the old gentleman a few days after, enclosing his 
check, stated simply as follows : " Six weeks ago I would not have believed 
that you or any other man could have shown how ignorant a man can be in 
the use of fuel. The only thing I regret is that 1 had not long ago employed 
you. If this should ever be given in the columns of your paper, do not give 
any clew to the mill or the manager, if you have any respect for yours truly." 

And yet this is not as bad as some mills are actually doing today. The 
way out is simple, and some of our corporations, that consider an engineer is 
getting above his business when he attempts to learn something, may perhaps 
get down \.> their business through tlieir legitimate representatives, if they 
themselves were to learn more of the Indicator, of the absolute facts which it 
records, and of the saving which the proper reading of the simple pencil lines 
of the instrument upon a piece of paper will allow a man pracdced in it to 
effect. Dollars and cents are the measure of most men's success, and they are 
quite as ignorant why a man should spend years in this practice, and then ask 
them but a very nominal sum indeed for the use of his experience, as the old 
darkey was why t'.ie surgeon should charge $25 for fifteen minutes' work, which 
might save a man's life, not taking into account the years he had devoted to 
Study in acquiring an intimate knowledge of human anatomy. But there are 
people who can only learn from experience, and the case which we give here is 
peculiarly one of these applications. 
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LESSON xxxin. 



The diagrams, Fig. 73, which are the subject of this lesson, came from a 
*Reyn olds-Corliss, 24 inches in diameter, 4S inches stroke, rated at 330 horse- 
power, making 76 revolutions per minute, 40 scale (boiler pressure not given), 
driving a cotton mill in Mississippi. This inquiry comes with them: "What do 
you think of them, and what 
improvements would you su^'- 
gest which will work for oui- 
advantage?" 

Apparently there would 
appear to be little difference. 
and yet the crank end, while 
seeming to cut off the shortest, 
is doing more work than the 
head end. The cut off Is 
cleanest on the head end ; but, 
after the valve is closed on the 
crank, the steam seems to comi.- 
through under the valve, and 
the e.tpansion line is higher 
than it should be. Remedying 
this would be an improvement 
which would save money to the 
concern. The head end, if at- 
tention is given to the vertical 
line, will be found late in taking 
steam. We would quicken that 
valve slightly, by opening it a 
trifle sooner. This would ha\-o 
a tendency to somewhat in- 
crease the pressure, which 
would probably go nearer tn 
the dotted line on that eml. 
On the diagram marked C, 
the steam line proper is very 
short, while the cut off is 

apparently at B. This valve, seemingly, opens quicker liian the other, and. if 
the instrument is correct, the line leans the wrong way. as it leans to Ihe 
vertical line rather than from it. If the valve was opened slightly quicker. 
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and the cut-off then adjusted to do the same amount of work upon each 
end, there is little doubt but there would be less loss in pressure than is shown 
by the diagram. Taken all in all, the diagrams are very good, yet the engine 
could be made to do its work with a perceptibly less amount of fuel by the 
changes we have indicated, and, if (hey are made, we should be glad to see 
other diagrams after the alteration. 

At A, on each of the diagrams, it will be seen that the commencement of 
the exhaust is abrupt, and the toe of the diagrams is square on the wrong side. 
If the movement of the exhaust valves was slightly quickened, the doited line, 
D, would be produced upon that end. while E would be produced on the 
termination of the expansion line, and the commencement of the exhaust at F. 
Both these outHnes will be produced by shortening the jim-cranks slightly, i!" 
it is the ordinary Reynolds -Corliss engine. The boiler pressure in this case is 
not given; had it been, we might have told whether further improvements 
could have been made. It is evidently plus one hundred pounds, as nearly 
one hundred pounds is realized in the cylinder. On the whole, it is better 
work than the a\'erage, and speaks well both for the builder of the engine and 
those who have it in charge. 



LESSON XXXIV. 



In this lesson we have a veritable study, not exacdy in natural I 
but in the misuse of steam. These diagrams, Fig. 74. were taken from a 
Greene engine, and a machine capable of doing much better work than this. 
The man in charge of this engine had an Indicator, but whether he did not 
know how to use it. or did not want to, we cannot tell. The diagrams are 
about as bad as anything can well be. C D represents vertical lines, showing 
the boiler pressure, 55 pounds, 40 scale. If we take A, and start on the 
admission line, we find the admission line leaning away from the vertical, and 
this tells us conclusively that the motion of the valves is late. The steam rises 
to r, where a sharp off-set is made, as the piston begins to move at that point. 
The pressure then rises to 2, where another off-set is made, and very much 
more rapid than the other. This is owing to the accelerated motion of the 
piston. The motion of the piston is increasing in speed all this time; the 
motion of the valve is also late in its opening, and so does not keep up with 
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t of the piston. The motion of the piston from i to 2 is much slower than 
from 3 to 3, hence the admission line varies less from the perpendicular from i 
to 2 than from 2 to 3. At 3, fifty pounds pressure is utilized, and from 3 to 4 
we may call it a steam line. Ai 4 the valve is closed. The expansion line 
condnues to 5, where the exhaust valve partially opens. The expansion line 
then commences, and returns on the exhaust line, until we meet a very queer 
character near 6. What makes this peculiar notch at that end of the diagram, 
and in that way, we confess we are unable to explain satisfactorily. If the 
engines had grid-iron valves for exhaust, the valves niiglit liave closed and 
traveled past the opening again, so as to compress the steam to a point and 
then reduce it again by admitting it into the exhaust until the valve traveled to 
another grid, 

B is, in a general way, worse than A. The exhaust valve closes at 7. 
making a very peculiar kink. Compression taking place, the pencil of the 
Indicator travels past .S. drops down when the piston of the engine begins to 




move, and begins to travel backward, passing at 8, running up to g, at which 
point the piston starts on its journey, the valve opening very late : at 10 it is 
still later, and at 1 1 very late. The round outline of A shows that the valve 
does not supply steam in any quantity sufficient for the area exposed. From 
II to 12 we may call it a steam line. From 12 on, the expansion line takes 
place, making one of the most outrageous cards found in practice. We do 
not know of any explanation for this appearance unless, perhaps, the engineer 
never knew the use of the Indicator, possibly did not care to know, or else 
that, in attempting to change the \'alves by the Indicator, he had got lost, and 
this is probably the nearest to a plausible explanation we can suggest. 

If we were to study this card for economy, we find that A figures 240, B 
190, or in that proportion. Little more than half the steam, will do the work of 
A, and considerable less than one-half the steam used at B, if properly applied. 
Here, then, we have an engine doing its work nearly thirty per cent, more at 
one end than at the other, and using fully double the steam that it should to 



[nplish the work. 
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Some parties sometimes ask questions in reference to compression. They 
do not understand how the lines 7, 8, g, 10 are made. Remember that the pencil 
of the Indicator travels up and down while the motion of the paper cylinder is 
at right angles with the pencil, or. we might say, is backward and forward, just 
like the piston of the engine. At figure 7 the exhaust valve closes over the 
exhaust port; the piston has not reached the end of its stroke proportionately, 
as the distance from 7 to the vertical line is to the whole length. C D. What- 
ever steam is in the cylinder at the time is closed in. Now, as the piston 
approaches the line, D. the steam in the cylinder is compressed to a greater 
density. This compression raises the pencil of the instrument slowly, making 
the rounded outline in this case instead of an angular one. When the piston 
gets as far back as 8, for some reason, perhaps leaky rings or valves, or 
condensation of steam, the pressure gradually diminishes, and, instead of 
holding the Indicator piston up as high as 8, the change which takes place in 
the steam reduces the pressure, and the piston of the Indicator falls downward ; 
it reaches the lowest point, as will be seen, at the very extreme end of the 
travel of the piston. The steam valve now commences to open, and steam is 
let slowly into the cylinder. The piston commences to go back on its outward 
stroke, and the steam increases in pressure, making the line up to the figure 9. 
During the time (his line is being made the speed of the piston is very slow 
indeed, and it is just passing off the dead center. As the piston starts away it 
gradually grows faster and faster every inch thai it travels, so that when thci 
Indicator piston reaches g. the piston of the engine has started to travel much 
faster, and the line falls back from the vertical line, D, much more between 9 
and 10 than between 8 and 9, and the same applies to 10 and 11 as greater 
than 9 and 10. If the morion of the steam valve is late at the commencement 
it does not open any faster, for it has no connection with the piston, and the 
volume of the cylinder increases very rapidly. Steam should be admitted to 
the cylinder by opening the valves when the piston is on its dead center, or 
actual point of rest, if possible. This can be done without giving any shock 
to the engine, or without any danger. Evidently whoever had been working 
with this engine was either ignorant or careless. It would require an hour, 
perhaps, to put it in first-rate order, and, with an engine not having large areas 
of port and valve — and the Greene engine is noted for this — the results would 
have been far less economical, if indeed, there is any economy in the diagrams 
at all. 

The first thing to do in a job of this kind, in adjusring, would be to throw 
the eccentric ahead two or three inches on the shaft, quickening all the motions. 
Then it is a question of give and take ; perhaps one motion would have to be 
slowed, and another one quickened a litde. In a future volume in this series, 
we purpose to take up this subject of making the alterations in an engine, and 
give the whole series of diagrams, in order to show just what is done by 
making a little change. We would not advise our readers, however, to imitate 
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' flie diagrams given in this lesson, upon any account, for they are worse than 
bad, if it is possible to have them so. A good engineer would not make such 
a diagram if he had an Indicator, and knew what it was for. If this engine 
was doing 200 horse-power, and coal was worth $4 a ton, the proper arrange- 
ment of the valves by the Indicator would save just about half the coal, to say 
nothing of more regular speed and less keying up of the engine. 




^r LESSON XXXV. 

The diagrams in this lesson were taken from the report oj Henry Hiller 
the Chief Engineer of the National Boiler Insurance Company, of Manchester 
England, for 1881. It is not an uncommon occurrence, and, at the same time 
it is very peculiar. The cylinder is 16 inches in diameter; stroke 36 inches 
revolutions per minute 65; scale No. i, 22 per inch; boiler pressure 57 
pounds. No. 2. same diameter, stroke, and revolutions as the previous one 
scale 12. These diagrams were taken. No. i from one cylinder, and No. 2 
from the other cylinder of a pair working together. 


1 

1 


Mr. Hiller remarks as follows : " One of them was actually doing no 
work, but was really being driven by the other. One of the engines they 
stopped at our suggestion, and the water consumption, as shown by the 
digrams, reduced from 66 pounds to 35.4 pounds per indicated horse-power 
per hour." 


J 



"4 
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These diagrams are peculiar in more respects than one. No. i is very 
late in taking steam at both ends, more so at one end than the other. What- 
ever tlie pattern of the engine may be, no description being given, the steam 
would seem to be badly wire-drawn. The expansion line is a wicked one, and 
the effective pressure differs radically between the two ends. Sixty-six pounds 
of water per hour is an outrageous quantity. Twenty-tive or six is accom- 
plished on old-fashioned slide valve engines, and as low as thirteen to sixteen 
by the Corliss condensing. 

Diagram No. 2 is more than peculiar. The steam is admitted, cut off 
sharply, and expanded across the atmospheric line at about one-fifth stroke. ■ 
That part of the diagram which is below the atmospheric line, in which the 




Bteam is long drawn out beyond its usefulness, has an area larger than that of 
the pressure on the piston above the atmospheric line, and it is the same at 
both ends, although a little more difference exists _in one than in the other. 
No doubt some of our readers will get bothered in measuring this with the 
Planimeter. They are reproduced full size, so that they may be measured. 
The boiler pressure, in this case, is 57 pounds, while the realized steam 
pressure is only 24 or 24^ pounds. The indicated horse-power of this pair 
of cards is less than nothing; in other words, the horse-power is minus 2^^, 
or, to put it into still another shape. 2% horse-power is being developed 
against the other engine. This is caused by the expansion of the steam, which 
is drawn out past its useful or efficient force, so that it really retards, or would 
retard, the acdon of the engine, were it not that the other side is driving so 
much more power, and this is doing very wastefuUy what it is doing at all, 
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■"ifrom the fact of the steanj being admiltetl at a much lower pressure than in 
the boiler, and then being expanded at such a ratio that it practically ceases to 
be of any use. We do not wonder that, when this engine, as Mr. Hiller 
advised, was stopped, the other engine did all the work with less fuel. The 
measurement of the spaces, below the atmospheric line, is always taken from 
the measurement of that space above the atmospheric line, by the action of the 
Planimeter ; but in this case the space below the line is of the most account, 
consequently the Planimeter gives us a negative result at the end of its travel. 
This will be an excellent exercise for learners to practice upon, and it will give 
them useful information in regard to taking the areas of surfaces which are 
somewhat mixed. 

If we take No. i, in this illustration, we have the fact of 38 pounds of 
steam, out of 57 boiler pressure, being shot through the ports on to the piston 
head, after it has been on its way some time, so that it never catches up. We 
then have a low ratio of expansion, from the fact of wire-drawing and 
throttling, and the steam is reduced in pressure to that extent which makes it 
a most exorbitant consumer of water. 

In No. 2, the same thing is carried out. The steam is put into the 
cylinder of the engine to do less than any work at all, and, aside from wasting 
the amount of steam which is put into the cylinder, the parties were also 
wasting power which had to be made up by the other cylinder of the 
machine. This is a most unique example. It is different from anything which 
we have before had, and does not show very good economy in the use of 
steam. We have introduced it in this place more for the purpose of giving 
our readers practice with their Planimeters and computations, than because of 
anything which is radically instructive. In No. 2, the dotted line- produces 
eight pounds of vacuum, or pull-back, while the other end only produces five 
pounds at the starting point. The space of the stroke traveled by drawing the 
steam, below the atmospheric line, is double, or more than the space traveled 
by the piston before the exp_ansion line crosses the atmospheric line ; but where 
the space is laid out different, the Planimeter gives us a reading that both sides 
are negative results. The valves of engine l^o. 2 must have been in elegant 
order, for they make first-class air-pumps, or would, if they had water with 
which to condense the steam, and from which to extract the air. Taken ail in 
all. these cards are a very interesting study, and only show what can be 
done, if parties would only try ; but we should much rather that they would 
try on some other man's coal pile than our own. Perhaps some of our readers 
will gather ideas from this that will set them to thinking more closely, and if 
they wilt attempt to erect the theoretical curve upon either one of the diagrams 
they will find that all new rules will give them a great deal of variance. 
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LESSON XXXVI. 



I 



V 



The diagrams shown in this lesson are from a Wheelock engine, \a,}^ X 
42 inches, 76 revolutions, boiler pressure 72 pounds, scale 30. The diagrams 
simultaneous, or taken at the same 
instant of lime; A the crank, B the 
head end. The boiler pressure, in this 
case, is 72 pounds; the Indicator ac- 
counts for only 60 pounds upon the 
head of the piston, or one-sixth the 
boiler pressure does not enter the cyl- 
inder. We know nothing of the reason. 
The crank card, in this case, has rather 
neat outline, but there are radical 
laults in it. We find the line from A 
o C, instead of becoming concave, or 
expanding, as steam should do, be- 
lonies con\'ex. The dotted line shows 
about what should occur. The cut off 
of this diagram is clearly marked at A ; 
there need be no guessing at it. The 
clearance of the engine is not given, 
hence we have nothing in particular to 
assume. If we take the steam as it 
probably cut off at A, the pressure 
should immediately drop to the dotted 
line, and follow it, or very near it, 
instead of which we find that steam 
actually enters after the valve is closed 
A. or is mainlined somewhere 
between the cut-off valve and the pis- 
1 head. This steam either leaks in, 
I or has been fed in, we cannot say 
which, and the dotted line gives the 
I appearance of the first part of the 
i-"- '' hyperbolic curve, which is concave, 

while the actual line of the instrument is convex. The line, as erected, shodd 
be much better. 
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DUgram B is one of those peculiar features that we sometimes come 



across, and is correctly stated as being a mmus quanlitj- ; in 



other words, B 



does less than nothing, but rather holds back on A somewhat, and A not only 

has to do all the work the engine . 

is doing, but has to help do what 

B holds back. These diagrams 

are both of full size, and exact 

reproductions from the original 

cards ; therefore, our readers can 

measure them, or run their Plani- 

meters over them. It would be 

interesting for them, especially 

upon B, to see exactly where the 

difference lies. The diagram, B, 

shows some of the same features 

that A does, and, while it is a 

negative quantity, shows plainly 

the feeding of the steam into the 

tiylinder after the valve had closed. 
The precise reason for this we 
cannot say — probably a leak. 
The expansion lines on these 
Cards are not perfect, and, not 
having the clearance, we cannot 
lay out exacdy what it should be. 
It is a self-evident fact that an ad- 
justment of the valves would be 
very advantageous to parties run- 
ning the engine. We cannot 
guess at dimensions or conditions 
under which an engine is working, 
and no man who is honest with 
himself can apply exact mesisure- 
ments or give the precise data 
that shall lead to a computadon 
of the efficient work of such an ''"^' ""■ 

engine. The diagrams are peculiar; they are not uncommon.— not especially 
as regards this engine, — but diagrams even worse than this are much nearer 
general practice. If the cut off on the head end is lengthened and the crank 
end shortened, to even up the load, the head end will be doing something, and 
the crank end will not have to do all the load and a little more. These 
diagrams will bear study, analysis, and computation. 
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LESSON XXXVII. 



The diagram in this lesson will be fiiU of interest to many 
who have been following the lessors closely, and have familiarized themselves 
somewhat with the arguments usually advanced. It is from the so-called high- 
speed engine, r8 X 36 inches, running; 92 revolutions with 90 pounds of steam, 
i^^^^^^^^^^^^^^^^^^^^^^__. and was sent to us by the 
^^^^^^^^^^^^^^^^^^^^^H^^H the 

^^^^■^^^^^^^^^^^^^■■'^■^ were the defects, and what 
the percentages of useful ef- 
fect. The defects are of the 
class usually found in en- 
gines where people build 
them without taking advan- 
tage of knowledge gained 
by experience and practice. 
The line. A B. is the vacuum 
line; A C, the line of boiler 
pressure, as well as the boun- 
dary of the clearance ; C D 
is the boiler pressure ; E F is 
the realized pressure in the 
cylinder; F G the line of 
cylinder pressure; H I is 
the theoretical curve erected 
from the point of actual cut 
off. or the time the valve 
really closes in its stroke. 
The distance between the 
lines. A C and E F, desig- 
nated by the letter M, is the 
clearance of the engine from 
.ictual computation, and is 
''"^* "" enormous. We have here a 

ralher curious specimen of diagram. The compression is very large, as it 
commences before the piston on its return stroke reaches K. After the 
compression is finished, the motion of the steam valve is somewhat late, and 
the jog. or notch, near the letter F, shows that steam is not promptly admitted 
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Wk fiill volume. It almost immediately falls off again, and the difference 
between the perceptible closing of the valve, and the real closing of the valve, 
amounts to more than two inches, and the maximum amount of steam 
admitted into the cylinder is 69 pounds. But this is not the worst feature. 
After the cut-off valve closes there would seem to be, between the valve and 
the piston, a large amount of steam, or else the valve is leaking badly. This 
will be found by the expansion line which, at I, is 6 pounds above the line of 
theoretical e.\pansion. This engine does not approximate good pract'ce 
anywhere, and even in the exhaust, which is through only 40 feet of pipe into 
the open air, it will be found that there are 2,% to 6 pounds of back pressure. 
Among other inquiries was, "What is the percentage of useful effect ? " In 
erecting the theoretical curve, we have given the engine all the benefit of the 
doubt, and have placed the point of cut off at H, on the line, F G. which is as 
nearly as possible to the absolute point of cut off. We have here 69 pounds 
of steam cut off at 1^7 of the stroke. The Indicator lines give us, by the 
Planimeter, 2.48, while the theoretical cur\'e, with the direct point of cut off, 
gives us 2.22, giving us ten per cent, leakage of the valve, and ten per cent, of 
the total amount of steam used is sifted through the valve after it is closed. 
Now we use 69 pounds of steam in the cylinder, by the Indicator. We had 
90 pounds in the boiler and 89 pounds in the steam chest. Giving the engine 
the benefit of good practice, and calling for only 95 per cent, of the boiler 
pressure in the cylinder, we should have &5l4 pounds by the Indicator, instead 
of 69; therefore, the effective value of the engine is 80 per cent, of boiler 
pressure. The engine cuts off at 1^ of the stroke. If the lull boiler pressure 
was used, or, say 95 per cent, of it, as is the case with all good engines, instead 
of cutting off at -^ it would cut off at -^ of the stroke. This is further 
proved by the fact that the track of the Indicator, on the diagram gives, by 
the Planimeter, 2.48, the theoretical curve 2.22, and cutting off at -^, 2.38, 
with the Planimeter, allowing the same fault of compression and back pressure 
which now exists. Hence, if we could get the full boiler pressure, 85}^ 
pounds, into the cylinders, we should save 2^-^ per cent, of the steam at 
each end of each stroke, or over one-quarter of all the steam used, by this 
simple saving alone. This grade of expansion would, no doubt, yield higher 
than ay-jV per cent., from the fact of there being more loss by wire-drawing 
of the steam to 69 pounds than there would be by doing the same load by the 
full boiler pressure, 85!^ pounds. Therefore, to answer the question which is 
asked us, " What is the effective value of this engine ? " — it is lessened 20 per 
cent, in boiler pressure, 12 per cent, by leakage of the valve, and 27 per cent. 
in the amount of steam used, if it could do the work at 95 per cent, of the 
boiler pressure ; and the actual value of the engine, as an actual transmitter 
of power or consumer of steam, is less than 50 per cent, that of a first-class, 
modem-built engine, working upon principles which are every day practiced 
in New England by the best builders. In all this computation we take the 
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steam in the boiler at one hundred per cent. This is no doubt a general 
arrangement, and those parties who have little or no faith in the Indicator can 
submit this to any engine builder who has any reputation for first-class work, 
and they will find it precisely as we state. The line, K. shows the volume ol 
the steam which would be used at boiler pressure, while F H is the amount 
used at the reduced pressure. The line, L, is simply an extension in order to 
carry out the curve a little further and see precisely where it would strike. 



LESSON XXXVIII. 



It is really refreshing to turn from bad engineering, such as we have illus- 
trated in some of our previous lessons, to an ap pro xim a lively good practice, 
where preferences and prejudices have been laid aside and ignorance is 
ignored. We have just this kind of a case in this lesson. The diagram which 
is shown is from an engine 24 inches by 48, running s8J^ revolutions, 55 
pounds boiler pressure, taken in actual work, and not for the purpose of 
exhibition. This engine was built by C. H. Brown & Co., of Fitchburg, 
Mass., and it may properly be said that Mr. Brown is one of the few engine 
builders in this country who has adopted the Indicator as his standard to work 
from and to work toward. In other words, if his Indicator tells him his ports 
are too small, and the throw of his valves is not right, he has had the good 
sense to adopt that as his standard, and endeavor to attain all that the Indi- 
cator suggests. This diagram (Fig. 80) shows the result of his approaches. 

The compression in this engine is easy, and gives a graceful line; the 
steam valve opens as the compression ends, and fills the cylinder without there 
being any hitch in the line. When the piston starts on its stroke, steam is 
carried for a little period of time at full boiler pressure, then it commences to 
fall off a trifle, as at B ; from B to C it falls nearly two pounds. The reason 
of this is found in the fact that when the piston starts from the dead center on 
the crank, or from the very commencement of its stroke, its motion is very 
slow : after it has proceeded a very short distance, the speed is decidedly 
accelerated, and the pressure is slightly reduced, — a little, indeed, — but in 
practical working it is of no possible consequence, either as to perfection or 
economy. When the valve closes the line is distinctly formed, and we know 
just where to figure in attempting to work for the quantity of steam consumed 



TWENTY YEARS WITH THE INDICATOR. 



131 



or to lay out the theoretical curve. The corner of this is not rounded off like 
the circle made by a coach-and-four in making a turn. We can put our finger 
definitely upon the very point where the valve commenced to dose, and where 
it did close, — there is no guess-work or assumption, — and we do not have to 
begin backward or at the end of the expansion curve and guess that the valve 
did not leak, or suppose that the steam did not do something else. 

The hne, A, is drawn slightly above 
boiler pressure, in order that it may not 
merge into the steam line proper; and 
when we say that gSJ^ per cent, of the 
boiler pressure is admitted into the cylin- 
der, we only state a simple fact, and one 
which our readers, who have been working 
with 60, 70, or 80 per cent, of the boiler 
pressure, will not be slow to put its proper 
value on. The expansion line of this card 
is very fine ; its exhaust is as near perfect 
as we need to expect, and, taken all in all, 
it is certainly a model card. We do not 
know the clearance oi the engine, or 
would have elaborated it somewhat. When 
dealing with this subject, however, we pre- 
fer to have the absolute fact of the clearance 
either from measurement or the builder's 
plan, and sometimes we take pains to 
corroborate the builder's estimate from the 
measurement. This card was taken from 
one of a pair of engines while it was a 
work in the middle of the day, with no 
preparation or readjustment of valves, for 
the purpose of ascertaining, more than 
anything else, how near it approached to 
boiler pressure. The experiment was after- 
ward conducted by making vertical Hnes 
with the Indicator, and then taking a dia- 
gram across these lines to ascertain whether 
the Indicator, the steam gauge, and the 

cylinder pressure agrs«l. The pressure in ihc eylinder »itl, lliis experiment 
covered the top of the vertical lines by the steam line at a slightly lower 
pressure than the one shown, so perfectly as to make complete union by the 
Mean lines crossing the very end of the vertical line while the Indicator 
cylmder was at rest. This engine has been running some two years, and it is 
^"g'"'^*^'" wlio takes good care to adjust the valves of hia 




under the care of a 
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engine with his own Indicator, and he believes that the nearer to perfection 
he can bring it, the nearer he is doing his duty by his employer, and parties 
visiting his engine room will find things as nice and clean as though he was in 
a librarj- rather than an engine room. Oil and gurry are not found burnt on 
to his engine, the brass and nickel work are as bright as a new looking-glass. 
and the owner of the engine finds that it costs less to employ a first-class man, 
when all things are taken into account, than it does to employ what are 
frequently spoken of as tramps. There is economy in this card, as well as 
perfection, and if those of our readers who are interested will figure it care- 
fully, they will find that the figures run up into the nineties all round. 



LESSON" XXXIX. 



We are frequently shown cards from the Indicator which develop most 
astounding approximations to the theoretical value of steam, but the best way 
to gel at this practically is to take cards or diagrams from the every-day 
working of the machine, and then ascertain whether the machine, in its every- 
day work, can and will do what these expert or scientific builders frequently 
assert they can do. Having this thing in mind, we have taken the card. 
which is the subject of this sketch, out of a complete set, which were not 
taken for adjustment of valves, or for any other especial purpose beyond that 
of ascertaining the precise condition of the engine. It is from one o{ a pair 
of large Corliss engines, now working in Fall River. The size is 28 X 60, 54 
revolutions, 40 scale, boiler pressure 87 pounds by the gauge. The line. A, is 
the atmospheric line of the instrument ; B. actual vacuum ; C, boiler pressure, 
including actual vacuum ; D, boiler pressure ; E, end of the stroke, or what 
should be the admission line; F, the long dotted line, the theoretical curve 
from the actual point of cut off. as seen on the card; G, fine dotted line, the 
actual line of the instrument. The admission line plainly shows that the valve 
does not open early enough, and, as a matter of fact, nearly two inches, after 
the piston has begun on its stroke, is accomplished before the valve is wide 
ofien. The steam line, therefore, falls away from the actual boiler pressure 3ji 
pounds. We have no data to say how far the steam travels from the boilers. 
The cut off is very sharp, and the expansion line is very good. It will be 
noticed that our cut off point, as taken from the instrument, should have been 
carried a little farther on the stroke. We have assumed it a trifle longer than 
it really is, but taking this for data, in all the computations which follow, is a 
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'"fitdc i^inst the engine rather than in its iavor, taking absolute facts, from 
»» iiich our computations are made. 

The exhaust valve of this engine does not open as early as it should, by 
fully two inches of tlie stroke of the entrine ; it does not open earlv onoueh. 
and the condenser, therefore. 
does not obtain the amount of 
vacuum it should and will do if 
they will open it early enough. 
At the other end of the stroke 
there is very little compression 
indeed, in fact, none of any 
amount, and opening the ex- 
haust -v'alve earlier, allowing the 
condenser to do its work more 
efficiently, would make com- 
pression at the end of the 
stroke, which would be favoring 
the engine, and compression 
can be obtained on a condei 
jng engine, notwithstanding 
statements to the contrary by 
men who style themselves ex- 
perts or engine builders. 

The distance between ihe 
lines, C and E, ia the actual 
measure of the clearance of that 
end of the cylinder from which 
(his card was taken ; the volui 
of space, including both valve 
ports, amounts to 1.71 inches; 
in our figures we have included 
the clearance of the engine. 
The clearance, and the distance ""' "' 

which sieam is carried, amounts to ^^ of the whole stroke. The Planimeter 
gives us. including the boiler pressure, the full space of the theoretical curve, 
an absolutely perfect vacuum, and a compression of one-tenth the stroke, not 
including the clearance, 444, The actual line defined by the Indicator, gives 
us 3SS, or 87.4 per cent, of the theoretical, including all the outs or bad features 
of the diagram. If the engine took its steam properly, and exhausted prop- 
erly, there is no difficulty whatever in making this engine do 92 to 94 per cent. 
of the theoretical, and doing it from the coal-pile, and not from any one's ideas. 
If the engine took steam quicker, we should save the area between the lines, 
Ej and the admission line or fine dotted line, and this would shorten the space 
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which steam is carried, so that, instead of being ^, it would probably run 
down to 22 or 23, and the very fact of opening this vaive earlier would allow 
more steam to enter this cylinder, and would give us nearer actual boiler 
pressure ; hence the displacement of the steam \'alve of the engine is working 
decidedly against its economy. If the exhaust valve opened earlier, the con- 
denser could do its work better, because it would take the bulk of the steam 
quicker, and would make a more effective vacuum or a nearer approach to 
complete vacuum. Therefore, when we say the engine is doing 87.4 per cent 
of the theoretical, we do not say that the engine is doing all that it will or all 
that it can; but, taking the card precisely as it came from the Indicator, and 
jusi as the engineer was running the engine, in the face of very apparent dis- 
advantages, which could and ought to be remedied by the proper application 
of the Indicator, it is then doing almost 90 per cent, of the theoretical. In 
doing this, the displacement of the steam valve loses 3ja pounds boiler 
pressure, the condenser gives us 108 or no, while in the theoretical we figure 
150 to 155, the condenser only doing 75 per cent, of the theoretical — this in 
the total figures against the engine. If we take the high pressure part of the 
diagram, and suppose the engine would exhaust as these engines usually do, 
we shwild have 88}^ per cent, actually developed by Planimeter measurement. 
The steam valve of the engine should be quickened considerably, and the 
exhaust \'alve quickened also ; this means moving the eccentric ahead on the 
shaft from an inch to an inch and a quarter; then perhaps the jim-cranks may 
have to be lengthened or shortened, as the case may be, in order to bring the 
other valves up to time. There is a point where half a turn on the jim-crank, 
or a quarter of an inch on the eccentric forward or back, makes a radical 
difference. Eighty-two pounds in the cylinder, with 87 in the boiler, and the 
steam valve opening two inches behind the piston, is a better showing than a 
great many engines make. 

The man running this engine should open his steam valve so that it would 
touch the line, E, where the dotted portion is at the bottom, quite up until the 
steam line is commenced. These changes are simple, and, with the Indicator 
can be readily made. Where the point of cut off is so thoroughly defined, as 
in this case, there is no difficulty whatever in following the lines from the point 
of cut off, not from the termination of the expansion line. 

This, as are all our diagrams, is exactly full size, and can be measured and 
worked from by any of our readers who are so disposed. This will be 
interesting for them ; it is good practice ; it deals only in facts, and it will show 
them how to apply the rules, which any one can do, and how to ascertain 
whetlier the engine does what the builder represents, especially where they are 
loud in decrying well-established precedents by other builders. Facts are not 
always agreeable, but they are the best things in the world from which to 
obtain information, and they sometimes take the conceit out of people, e\'en 
if at considerable cost, and are to sensible men invaluable. 
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LESSON XL. 



As a fitting close to the practical lessons embodied in this volume, we 
introduce one of the most radical departures in steam «ngineering, and one of 
the most successful of the almost numberless candidates working in the direc- 
tion of high speed. This engine is, to a certain extent, an anomaly, and 
in Volume IL, which will complete this work, we hope to embody the 
valves and valve motion, and the regulator with its full hue of action, so that 
our readers, who do not become discouraged in this volume, can gather from 
them what has been attained by a careful keeping in view of the theoretical 
value of steam after it is made, and the practical working out of the largest 
percentage of that theoretical value, which has. as yet, we believe, been attained 
by any high speed engine. 

Figs. 82, 83, and 84. were all taken from the Armington & Sims engine, 
on the same day, under varying conditions. The size of the engine was gj^ 
inches diameter of piston, 12 inches stroke, 300 revolutions per minute, 
boiler pressure varying from 85 to 82 pounds, scale 60. 




Diagram A represents the engine as working at 80 horse-power indicated, 
1 average pressure of 56.51 pounds. The admission line is almost 
absolutely perfect. There is a trifling variation, probably caused by the piston 
of the Indicator. The steam line is simply perfect, cutting off at a. The 
expansion line, under such a speed, is slightly waved ; and this, without doubt, 
is somewhat owing to the intensity in the action of steam and the impulse of 
the momentum of the Indicator. The variations are, however, very slight, 
when the speed is considered, and the mechanical perfection required both in 
the valves of the engine and in the piston of the Indicator. The release, at b, 
approximates closely to locomotive practice ; the commencement of tlie 
exhaust, at c, shows a back pressure of between one and two pounds at the 
commencement, and about one pound at the termination. The cushion, or 
compression, on this engine, owing to its very high speed, is not precisely of 
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the same characier as in the slower moving engine, the line being somewhat 
irregular. The peculiar points of this diagram will be noticeable by every 
steam engineer when he considers that it was completed in one-tenth of one 
second while running at regular speed. This diagram, taken all in all, is one 
which embodies a very high economy with an almost perfect regulation. 

Diagram B is the same engine precisely, de\'eloping 52.08 horse-power, 
with an average pressure of 36.83 pounds. In this case we have not lost any 
of the beauty of the steam or admission lines. As in diagram A, the expan- 
sion line has a somewhat more wavy appearance, the release commences 
almost at the same point, — if anything, a trifle earlier, — and the compression 
being comparatively earlier, coinciding with the release. Diagram A has H5 
pounds boiler pressure, and 81 pounds by the Indicator in the cyUnder. 
Diagram B has 85 pounds boiler pressure, and 82 pounds in the cylinder, 
while diagram C has 80 pounds in the cyUnder, with an indicated horse-power 
of I r-78, and a mean pressure of 8.33 pounds. 




Parties who will study these three diagrams will see that the release and 
compression vary materially, and on these points it is well to say that this is 
the first engine we have ever noticed wliich worked steam according to the 
theory of expansion and compression, as approaching most nearly the produc- 
tion of the largest amount of utilized units of heat from the steam ; in other 
words, the regulator and valve motion of this engine are so arranged that the 
valve has an absolutely constant motion, with reference to giving the engine 
steam, but every other position of the valve is variable according to the load, 
and in the case of release and compression, these two important and often 
overlooked points are. by the inventors and builders of this engine, made to 
vary inversely as to the load. 

Diagram C gives us the nearest approximation to what our old friend. 
Prof. Thurston, of the Stevens Institute of Technology, has long argued was 
the correct way of working steam ; that is, that steam at a certain pressure 
and temperature should be expanded that number of times which would make 
it most efficient, and which, without any exhaust, could be compressed on the 
return stroke, making another line lower in utilic effect than the first, and 
needing only a small amount of steam to make it do the second and each 
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is case, have so arranged the 
s engine varies the amount of 
1 admitted, and the amount of the load governs the release and exhaust 
BVersely ; that is, in opposition to the regular proportion, the greater the load 
the later release and compression ; the lighter the load, the earlier release and 
compression ; hence, we have, in diagram C, a release somewhere about plus 
one-half the stroke, and a compression of sHghdy minus one-half the stroke. 
By this mode of compression one of the greatest antagonisms to the success 
of high speed, in practice, has been overcome ; that is, the loss of steam and 
_.lhe expense of maintaining a large clearance. 

Diagram C, it will be seen, compresses 56 pounds ; the steam valve then 
■pens and the admission and steam lines are almost at absolutely right angles 
a each other. The larger the load the later the release and compression, but 
e engine exhausts freely up to that load, which is the maximum ; and when. 



I 




e engine is running almost without load, the release and compression are so 

[ranged that no thumping or jar occurs to the machine. This is the highest 

lainment toward working steam expansively. It is done by a single piston 

ralve controlled by a variable regulator, the engine furnishing the power, the 

^lator changing its movements according lo the increase or decrease of the 

>ad, varying from ten to eighty horse-power on perhaps three strokes of the 

Engine without making a change of more than three or four revolutions, or 

iffecting the speed for more than one-half to three-quarters of a second. 

* diagrams will bear a great amount of study, and practical enginee/t 

inot fail to admire them. 
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LESSON XLI. 

DEMONSTRATING THE ACTUAL POINT OP CUT-OFF FROM THE 

USED. ■WTTHOUT REGARD TO TERMINAL PRES8UKE OR LA( 
OF DISTINCTNESS IN THE CDT-OFF LINE. 
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In our own experience, we hare frequently been unable to determine ti 
point of cut-off with eufficieut accuracy or reliability, whererer the line of tlie 
diagram was not clearly defined, and this oftentimes becomes necessary in 
making computations, or in comparing one engine with another for efficiency. 
It was, therefore, after considerable investigation, that we adopted the 
method first published by the writer, September 15th, 1883, as a method 
of demonstrating the positive point at which steam is cut off, or a point 
on the line of initial pressure equal to cutting off steam at a particnlar 
point, even where a leak had occurred, or where steam bad drifted past the 
steam valve after it was supj>0Bed to be closed. At that time we used the 
following expression ; "■ We have, therefore, stolen a march on volume two of 
Twenty Tears with the Indicator, by showing the mathematically correct 
way of demonstrating the positive point at which the steam is cut o£F, or a 
point which is equal to the cutting off of the steam at some especial or 
particular point whenever steam leaks or drifts in." 

Sinc« this statement n'as made, this method has been examined by some 
of the best mathematicians, and has been pronounced correct. It will be 
referred to in the following lessons in this volume as the demonstration or 
our demonstration. We reproduce the original diagrams, now in our pos- 
session, which were published with thia first demonstration. 

It has been customary in years past for builders of engines, engineers 
and experts to erect their comparison from the " axis of the hyperbola," or 
from the terminal pressure. " The axis of the hyperbola " is an indefinite, 
uncertain qiiantity, and the terminal jiressure is as apt to be wrong as right, 
and we wish to impress upon the reader of this, that in this case we divide 
the problem intotwodifferentanddiatinct demonstrations; first, we locate the 
exact point of cut-off on the line of initial or realized pressure in the cylinder, 
from n point a little past or at the center of the expansion line of the diagram. 
The reason why we do this is that at or a little past the center of the expan- 
sion line, the steam has become more settled in its action, is less liable to 
irregular pressui'e, the speed of the piston is nearer constant, and the load 
affects least either the piston or the crank in overcoming the resistance, on 
the same principle that a train of cars, after in motion, gives a better idea of 
the actual load than when starting or stopping them. This point, wherever 
located, is termed the base line of the demonstration. This method is 
founded upon the principle that if the pressure at a given point is known. 
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I ^DcL if Bteam does expand somewhei'e near Mariotte's law, tliea it becomes a 
mathematical problem, and, if we know tbe presHure at a cerialu point, we can 
lay out, by the iiieaua to be explained, the precine point at which a known 
initial preasiu'e of Bteam should be cut off to realize tho pressure denoted by 
the bane line wherever it is located. This ia the whole theory and it has been 
reduced to practice in ho many different forma of diagrams, at ho many dif- 
ferent points of cut-off, under so many tlifferent pressui-es, and with such a 
variety of types of engines, that the best authorities in several of our insti- 
tutioua of learning have adopted it, and have pronounced it mathematically 
correct. 'We do not mean to go into mathematics to any extent, and shall, 
therefore, refer our readers to the various diagrams illustrated in this volume, 
which are founded upon thia demonstration, and which embrace a large range 
of tlifferent tyiies of enginea at all sorts of speed, under all differences of 
pressure, and that the comparisons made ai'e actual I'ather than visionary. 

Very frequently, as in one of the first e:tamples given in this lesson, we 
have found the appweut or visible cut-off, on the diagram as made by the 
instrument, to vary materially from the demonstrated line. To explain this 
briefiy, it frequently occurs that the valre does not seat itself, or that some 
disturbance occurs in its action, so that after it is uppai'ently cloaed and the 
expansion line has been commenced, that a quantity of steam drifts into the 
cylinder, so that the indicator does not moke a true expansion line from the 
quantity of steam shown by the visible point of cut-off, and this method 
shows us precisely the amount of steam wasteil as between visible and 
demonstrated points of cut-off. We have never yet found an engine with this 
demonstration where the actual line of the iniUcator overran in amount of 
work yielded, the theoretical line drawn from the point of cut-off from the 
demonstration. 

Another point for the reader which may be asked, we will anticipate. It 

is frequently necessary (in his luind only, however,) to know precisely the 

amount of clearance to an engine, in order to know exactly t]ie use of the 

8t«am. With this method of demonstration the clearance becomes unnecessary 

so far as the demonstration goes : it is very important, however, if we are 

figuring the diagram for economy in water, to know the clearance, but so far 

as the action of steum goes, and the reliability of the demonstration based on 

that action, the clearance is an unneceHsary quantity. We are dealing with 

the steam after the expansion takes jilace, it shows us what the valves do and 

shows it correctly, but if we ai-e to get at the actual amoimt of steam used, in 

every instance, we must then learn the clearance of the engine and add a pro- 

^^Ortionate length to the amount of steam used ) but these two elements are 

Htot of necessity identified with each other so that the clearance need to be 

Bbtken into account in the demonstration. 

H Fig- 96 is token from a Corliss engine, which has been running many 
^mara. To explain our demonstration, we first of all draw the line of initial 
HweBBare G, then the line of absolute vacuum D, the vertical line B, which in 
^WiB case represents the clearance of the engine. We have now actually 
MJmmgn factors. Xow, at some point in the expansion line, in this case at the 
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croeeiiig of the eipansiou line with the line of rest of the mstnimeiit, ire 
draw the verticul line A ; this is also a kno%Tii quantity ; it ia the actual press- 
ure in the cylinder above the vacuum hue, it is, therefore, a kuon-n quantity. 
There ia no especial reason why we locate it at this particular point in the 
stroke, only at that point the line is entirely settled in its work. 

Now, from the intersection of A, D, we draw the aiigular line E, which 
connects the base of A with the intersection of B, C, at the point represent- 
ing the clearance of the engine added to the diagram and the initial pressure. 
This line ia for the pm"pose of demonstration ; now we wish to obtain b 
parallel line to the one just erected; measure the distance from A to the line 
just erected on the atmospheiic line, aa in this case the top of the line A 
intersects with the atmospheric line ; lay off this distance A, E, on C which 
gives tlie distance F, I ; lay off the same distance on the line D which gives 
us D, K, or from the base line A to the new line K, F. F la therefore, the 
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point at which the initial preasui'e of Hteom shoidd have been cut off to have 
given the pressure A at that point in the expansion Hue. It wUl be seen that 
the fact and the demonstration do not agree ai)parcntly. This ia the end of 
the demonsti-ation practically. Now, if we compare results, we find that the 
lines of the indicator diagi'ams, as left by the instrument, show a very much 
shorter cut-off than the line F. But, at the point J. tiie theoretical curve 
dropped from the line F, joina with the actual line of the instrument, aud 
from the point J the theoretical and the actual i-un on together. After the 
valve in the engine closes, an amount of steam pasaed thi'ough under it aud 
was carried into the cylinder, and the amount of steam increased after the 
cut-off was shown by the indicator to equal the amount shown by the shaded 
portion of the diagi'am, Iwtween the actual line of the insti-ument and the 
theoretical line dropped from F, continuing H, J, or about twenty per cent. 
The point F represents the jmint of cut-off equaling the actual amount of 
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steam put into the cyliaJer, taking tlie whole diagram into account as demon- 
8ta^t«d. The steam lirifteil iuto the cylinder from the time the cut-off valve 
was apparently cloneil, aii shown by the indicator, up to that point in the 
stroke represented by J, where the leakage stopped, the valve then had be- 
come positively closed and no more steam was admitted. 

It may be remai-ked that, after tiiis demonstration had been published, 
the agent of the mill from whose engine this diagi'am was taken was written 
to, asking him if he would examine his engine to see whether the valve on the 
head end was leaking or uot. His answer was : 

"Yours of received: contents noted, I removed the cylinder 

head last night, and found a bad leak in the steam valve." 

In contrast to this, we introduce Fig. 97. taken from the Pullman engine 
at the Pullman Car "Works, near Chicago; the same engine which was 
exhibited at the Philadelphia Exhibition in 187C, by Geo. H. Corliss. 

In this case we erect llrst the Hue of initial 
pressure, then the vacuum line. In this c 
clearance is not known, and in contrast with 
r base line. A, below the at- 
mospheric line. The demonstration is then made 
precisely aa in the former case, with the result 
that the motion of the valve in this case is a trifle 
slow as compared to the stroke, and the ^^Bible 
and actual points of cut-off vaiy slightly, but 

e together at the point J, which in this ( 
s much nearer the commencement of the stroke. 



Fia. 97. 

The actual and theoretical then inui along almost identically. It will be noticed 
that there is nothing assumed in this case, and if the demonstration is care- 
fully made, which anyone can do with a pair of triangles, you will get 
positive results, F, I, iji this case represent the amount of steam introduced 
into the cylinder. The expansion line nms considerably below the atmoe- 
]ihenc line, and the vacuum line is almost a perfect line, there being no 
compression. The admission line is parallel to the vertical by its side, but 
the opening valve is a very tiifle late; or, we might say properly, is a trifle 
slow in its motion, so that a very slight diminution of pressure is obaerved. 
The convexity at H in this diagram is caused by a slight leak in the valve 
wh«i) it teats. It must be borne in mind at this time that the expansion is 




142 TWENTY YEARS WITH THE INDICATOR. 

in a very rapid ratio, and wlieu J, the expanBioQ line, lias been reached, the valre 

IB seated and not another particle of steam obtains access into the cyhnder 
During the time of this leak, which ia insigniliiiant, the engine makes hut 
trifling progress in ita stroke. Prom the point J to the termination of the 
expansion line, there is a variation of lens than one-fifth of one per cent- from 
the theoretical, taking into account the realized boiler pressure there is a loss 
of 1.7 per cent. This engine is, therefore, realizing 98.3 per cent, of the 
theoretical, taking realized steam pressure as the unity. 

In these two ihagrams we have avoided any confusion of lines in laying 
out the theoretical curve. That method will be explained in the following 
diagrams, and if the readers of this will follow the different examples, show- 
ing the adaptation of this demonstration, they cannot fail, we believe, to 
become as proficient and as carefid in the appHcatiou of tlie demonstration 
and the theoretical cur%'e, as anyone need to be for all jiractical purposes. By 
this method of demonstration we show, in the case of Fig. 97, 98 per cent 
plus, while in Fig. 96 we show a little leas than 80 per cent, of the theoretical. 
Either of these diagrams, without any demonstration upon them, nmke a fine- 
looking curve; it shows, therefore, that the application of some system of 
demonstration with a basis of fact, will give ua what we are studying the 
indicator for — actual information with regard to some thorough and reliable 
test, to ascertain whether the diagi^ams, after taken, if good-looking, shall 
give us practical results, showing an economy in the use of steam as well as 
a pleasing appearance by comparison. j_ 

To embody the whole matter for reference, we give the following ^Hfl 

DIRECTIONS FOR MAKING THE DEMONSTRATION. ^^ 



Take any indicator diagi'am, lay out upon it the absolute vacuum line 
inth the scale that the diagram was taken w^ih. Then lay out the initial or 
realized pressure in the cylinders ; these two lines will, of coui'se, be parallel. 
Then connect these two lines at the admission end of the diagram by a verti- 
cal line at right angles to the two horizontals already laid down. If the 
clearance ia known, this line may include it, otherwise erect it simply Uie 
width of a line away from any portion of the admission line; but this may be 
varied somewhat ; if the engine takes steam too early or too late, let the 
vertical line barely be outside of the extreme point covered by the hne of the 
indicator. Now, from some point on the expansion line near the center, if 
anytliing, a httle beyond, erect the base line from the actual line of the 
indicator to the absolute vacuum line, and be careful to have it at right angles 
to the vacuum line. From the intersection of this line with the vacuum line, 
draw a diagonal to the intersection of the steam pressure and vertical line. 
Now, by means of a triangle lay off a right-angled Hue fi'om the top of the 
base line, or its intersection with the expansion line of the diagi'am, until it 
LDtersects with the diagonal line just drawn. The purpose of this line is to 
measure carefully, with a pair of dividers or othei-wise, the distance from the 
top of the base line to the diagonal, bo that this distance may be transferred 
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loth ta the yo^uuiu line niitl tlie eteaiu preBsui'e tine, as the exact poiutH 
from which to draw the parallel diagoaal, nnd this parollei (litigouol line must iu 
every instance, and will if prope:ly done, pasa by the exact top of the base 
liue at the point of its intersection with the expaiiaiou Hue of the instnimeut. 
AMierever this line, the last diagonal, touchoa the line of ateam pressure, fi-ont 
that point drop a perpendicular to the vacuum line. Tou have now the 
precise point of cut-off from the pressure at the base line, or first line 
erected. 

These instructions apply to the low pressure, condensing, oompouad 
locomotive, marine or any other indicator diagram, whether taken from 
eteani, water, aii', gaa, so far b.% we have ever been able to prove it. This rule 
has been giveu to familiarize the readei-, aud without auy letters of reference, 
so that the p'riuciples may be thoroughly understood. The mathematics 
demonstration i>i not necessary, we think, from the explanation which has 
preceded it. 




LESSON XLn. 



MONSTRATION OF THE POI.N'T OF CUT-OFF. AUD HOW TO LAY OUT 
THE THEORETICAL CURVE. 

7i^. 98 is an interesting diagram in many respects, and only shows what 
3ie general tendency is among steam users by overloading their engines. 
The data with this diagram is 17 inches diameter, 36 inches stroke, 57 revolu- 
tions per minute, boiler pressure 70, scale 30. A Ih the absolute vacuum; B, 
highest realized pressure in the cylinder; C, vertical line being nominally to 
represent the end of the stroke, clearance not included in this case. 

Having surrounded the diagram by a parallelogram, we couuuence by 
drawing the line D, which represents the pressure of steam above absolute 
Tacuum at that point of (53^ poimds* From the intersection of A D, E is 
drawn to the intersection of C B. Now, from the top of the line D, draw at 
right angles the dotted line 3. connecting D E; the distance from one end to 
the other of J is the distance to Iw laid off on the line E, as well as A for the 
parallel line, F. From the intei-section of F B we drop G, and the length 
of the line, B, from C to G, is the volume of the cylinder filled with steam at 
the initial pressure, which should be cut off at the point Q on B to produce 
the pressure, D. on the expansion line. This finishes the demonstration of the 
point of cut-off. 
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"We wish now to erect from tiais data already obtained tJie tbeorfiflll^ 
curve, in order to ascertain whether the expansion line of the engine apprott 
mates closely or otherwise to the theoretical line. We repeat here the 
method given in Volume 1, and shall endeavor to explain it so fully that no 
reference to Volume I will be required. "We commence at the intersection 
of A C, drawing the radial lines, and to prevent confusion, wo have need 
numerals rather than lettei-s in this figure. These lines are (h-awn from the 
point K on the intersection of A C. In erecting the theoretical ciirve, the 
base of our computation must always be absolute vacuimi, WhUe this differs 
somewhiit in barometrical range, it is exceedingly small, and for the moment 
we assume it at 14.7. We tlraw the lines. 1 from K to G, and the line 2 from 
K to the end of the line B, covering the very end of the diagi-ain. Now, 
between these two lines, 1, 2, on B, we di-op the ordinates at right angles to 
B, a little below the expansion line, at any distance apart we choose. In this 
case we drop 3, 4, close together; then 5, 6, 7, at a distance double that 
between 3 and 4. There is no special reason for making any diflerence in 
this. We sometimea di-op the ordiuates closer together in the first part of 
the expansion curve, where the greatest variation takes pla«e in expansion, 
but they can be [jut as near together oi; as far apart as the demonstrator may 
choose. 

Now, from the intersection of the ordinates, 3, 4, 5, 6, 7, and the line B, 
draw the radial lines from the point K to each separate point of intersection. 
Now, wherever tlie radial lines cross the line G, is the point of our next 
computation. Prom the points of the radial lines crossing the ordinate G, we 
next draw lines at right angles to G until they cross the ordiuates 3, 4, 5, 6, 7. 
We have hero then following out this process with each one of the lines to 
their crossing with G, the lines, 8, 9, 10. 11, 12. 13. Now wherever these 
two lines 8-3, 9-4, 10-5, 11-6, 12-7 intersect, through the points described by 
their intersection liea th-a hyperbolic curve from th3 demonstration. 

In this case it will be noted, to retimi to the diagram for a moment, that 
we start off with an initial pressure of 70 pounds. *Che steam jiressure is 
gradually reduced or, as engineers term it. wire-di-awn, throttled so that it is 
constantly reduced in pressure on the diagram. At the point where the 
ordinate G is erected, we have 13 poimda less than we started with, or 67 
potmds realized at that point ; dropping off still fiu'ther, so that at the point 
where D intersects the hyperbolic curve we have only 49 pounds. Now with 
the orilinarj- demonstration which has been so fi-equently piinted, and upon 
which so many arguments have been based, in this diagram we should have 
no possible tlata with any sort of certainty, for ascertaining precisely wliere 
the ateam was cut off. In this case, the result proved the correctness of the 
assumption, and the assumption is based on the fact that the demonstration is 
correct. The, theoretical curve in tliis case stmis from the point B. G, and strikes 
the actual line of the instrument at the point I, or directly over the line D, and 
the two lines, which are very clearly drawn (the actual line of the indicator in 
long dots and the theoretical curve very fine dots), pass over each other for 
anch a proportion of the ihstance that the two lines are inseparable tmtil 
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I kImoBt the commeDcemeut of exhaust. At the last ordinate the line of the 
instrument is very slightly above the theoretical line. The line D may be 
placeil anywhere on the expansion line between the visible point of cutnaff 
anil the visible point of releatie ; and in the case of some diagraniB, which will 
be shown further on, it will be seen that where difficulty esJMts, in eveiy one 
of these points the demonstration proves what the action would have been if 
there ia any accuracy at all to the action of the valves, and a cut off waa 
intended. In this case the action of the engine was fettered somewhat by a 
late release, we might nay, but, as a matter of fact, while the exhaust valve 
could have been opened a trifle earlier, the amount of steam in the cylinder 
iras enormous, and the exhaust is pai'tially clogged for that reason. It will 
be interesting when we state that the theoretical use of steam on this dia- 
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gram, Fig. 98, measuring the fidl boiler pressure up to the point of cut-off, 
then following the tlje.oretieal line, making a perfect exhaust, is 792, while the 
actual usefid effect measured by the planimeter is 715, giving ns a percentage 
of a trifle over 90 per cent., and yet this is by no means good pi-actice : it 
speaks well for the design of the engine, but not for the management of its 
owTier. 

Referring to the demonstration of the point of cut-off. Fig, 98, as com- 
pared with Figs. 90, 97, shows almost the other extreme of the efficiency of 
the apphcation of this demonstration to the every-day work of the working 
engineer. Any engineer with a steady hand can do all that we have been 
describing. A pair of steel triangles, we prefer, made by Brown & Sharps, 
although rubber or wood will do, if they, are token care of, a sharp irencil, 
and for laying out the theoretical curve a series of curves of different radius, 
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whicli can be bought at auy draughtmiieii'H supply place, and only two or 
thi-ee will be required for a very large range of work — this is all the appa- 
ratuB — and a boai-d a foot squai-e, covered with blotting pa]jer or coarse rope 
paper not sized or glazy finished, completes the irbole apparatus. 



LESSON SLin. 




THE DEMONSTRATION OF THE POINT OF CUT-OFF AND THE LAYING 
OF THE THEORETICAL CUR\T: WITII0L"T REFERENCE LETTERS. 

If the two previous lessous have beeu cai'efully stuilied, the reader will 
have a pretty good idea of how to do, and what is being attempted. Fig- 99 
is taken from the steamer City of Worcester, Norwidi Line of New York and 
New England Steamers, between Boston and New York. The diagram iU 




Fig. 90. 

trated was taken while Ler engines were being adjusted and before they were 
fairly complete. We have chosen this diagram for the especial purpose of 
making the demonstration upon it, not having taken tlje most perfect one for 
that purpose. This diagram was taken while she was at full speed, her 
cylinders being 90 inches in diameter, 12 feet sti'oke, 35 pounds pressure by 
gauge, 22 inches of vacuum per gauge, thi-ottle wide open, ruiming 18 + rev- 
olutions per minute, 24 scale. 
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The bottom diagram in this case carries steam the greatest distance, as is 
usual in marine engines. We have been compelled to draw our line repre- 
senting the initial pressure' a very trifle above the actiial, in order to allow the 
lines of the diagram to show, for the bottom end of the cylinder, although it 
takes steam late on the opening of the valve. In this case it realizes full boiler 
pressure after having traveled several inches, and at the point of cut-off by 
demonstration loses only three pounds from the initial ; while the top end 
realizes full boiler pressure to the very point of cut-off visibly. The release 
as shown in these diagrams is rather late, later diagrams improved it very 
much ; so the vacuum in this case was improved after. 

The base line in this case is erected at about half-way on the expansion 
line. The parallels are drawn and the point of cut-off located very closely to 
what we would have termed the visible point. Badial lines and ordinates are 
erected as before stated, and where the ordinate and the line from the point 
of cut-off cross, it will be found to almost touch in each of the four cases, the 
line of the indicator as it left the diagram, so nearly at least, that we have 
not thought it worth while to attempt to draw in the theoretical line, from 
the fact that the two lines are so very close together that it would lead to 
a confusion in the mind of the reader. The top end of the cylinder is a little 
late in taking steam but not as late as the bottom ; the result of this is shown 
in the slightly increased pressure and in the fact that the steam line in itself 
is much straighter than in the other end. 

We desire it understood that this diagram was not selected to show the 
performance of the steamer ; it was selected rather as a diagram, somewhat 
distorted, for the sole purpose of showing that the demonstration of the 
point of cut-off was equally as applicable to a diagram in which the lines were 
not clearly established, and that the result could be depended upon for prac- 
tical application aside from any or all theoretical questions. 
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MODERN BTEAMSniP ENGINES EXAMINED BOTH WITH REFERENCE Tt) 

ECONOMY AND TilE APPLICATION OF THE DETERMINATION OF 

THE POINT OF CUT-OFF. AS WELL AS A COMPARISON OF THE 

ACCURACY OF TWO DIFFERENT INDICATORS ON THE SAME 

SHIP. 

Figs, 100 and 101 are from a modem eteamfiliip running between New 

York and . The diagrnuis 100 and 101 were taken witli an 

English instnuaeat (ui-iilahed by the builders of the vessel. There are several 
very noticeable teaturcH about this tliagram 100. The bottom eud of the 
cylinder gives as more than boiler preasutf : this cannot poKsibly be, the 
boOer prespure as given at the moment was 76 pounds, scale 32 ; we have 
fully 80 pounds as per indicator card. The steam lines are very irregular iind 
the expansion line, it will be noticed, is very much higher than it should be 
about the point of cut-off, showing first, that the steam ia throttled in ilie 
passage-ways, and next, that the valve closes slowly and continues to atlruit 
steam. The stroke of the engine is 54 inches. "VVe have located the poini> of 
cut-off from the usual demonstration and it will be noticed that the cur^-e from 
the release, following up the expansion line, denotes where the steam to Ltive 
been cut off, would have given the theoretical line following the expanmon 
the majority of the way. 

The release of the engine appears to be very good, and it is at 38 pounds 
above the atmospheric line, but there is something very curious about the 
exhausting of the engine from either end, with reference to the positively 
straight line A, B, while as a matter of fact such a line as this, where the re- 
ceiver is used as between the high and low pressure cylinder, cannot be made, 
if we are to have any faith in modem engineering. It shows, therefore, that 
therT? must be something v,-rong with this indicator, and if we come to analyze 
it a little further we shall probably find it. By the indicator, the steaui valve 
closes at 293 inches of the stroke on the bottom : this gives \\% an indicated 
horse-power of 1*255^. The exhaust valve closes on a receiver pressure of 19 
pounds at four inches before the end of the stroke, while on the top end the 
exhaust valve closes at 6^^ inches, the top giving 1129 horse power. 

If we compare this with the low pressure. Fig. 101, the line B represents 
the pressure of steam in the receiver, while the line A represents the realized 
pressure on the piston, which is 11 pounds, while the receiver pressure is 19 
pounds. "We have made the demonstration upon the top end showing the 
cutting off at 26^ inches of the stroke, giving 1293.72 horse-power, while the 
bottom end gives 1341,93 horse-power. Only about half the receiver pressure 
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that is carried one-half stroke and shows a very fair performance. 
tt only 18 inches is realized as, the extreme, giving 9 pounds. 

For the sake of comparison. Figs. 102 and 103 are given, taken from the 
Improved Thompson indicator, the Aiuericau Steam Gauge Company's build, 
from the same ahip, aiTaugements previously being made ; these followed 100 
and 101 as soon as the instramenta could be changed, the ship running under 
the same pressure of steam, same number of revolutions, smooth water. 
Here we have a decided contrast. Fig. 102 shows the high pressore cylinder, 
and we have bere erected thi-ee different curves. A, Fig. 102 is the theoretical 
curii-e from the an-ow-head in tbe line D, which shows that that cylinder 
actually used steam sufficient to cut oflf at SS-^'V inches, giving an effective 
horse-power of 988.2. B ia from the initial pressiu'e 78 pounds, scale 40, and 
shows what was expected of the engine, while C is the theoretical ciUTe from 
the terminal pressure showing quite another result. The line B shows what 
was expected, viz. : to cut off at one-third and to realize boiler pressure. We 
fiud, however, the terminal pressure of tlie diagram is 27 pounds above the 
atmosphere, while the terminal pressure of the curve from the supposed 
point was 20 pomida above the atmosphere. The line C shows the engine to 
have cut off at 21-j*u^ inches of tbe stroke, if the terminal pressure was right. 
It will be seen that the diagram upon which the two cul■^■e^ are erected, only 
realizes 70 pounds of steam, and that at one-thu-d stroke 12 pounds less than 
that is realised on the piston head. The line A, as drawn from the data given, 
shows about the actual performance of the engine cuttiug-o£f realized press- 
ure at 25.7 inches, developing 1075.73 horse-power. The dotted line E, if 
continued, would bai'ely touch the end of each diagram, and shows the rise 
in pressure in the receiver, between the commencement aud midille of tbe ex- 
haust, amounting in this case to about 7^ or 8 pounds. The minimum 
amount of pressure in the receiver in this case is 9 pounds, the greatest 
amount 14^ to 15^. 

Another point engineers often require has been carefully figured on the 
right-hand diagram where B and C are shown, the exhaust valve of the high 
pressure engine closes at 5.2-1- inches before the end of the stroke, while on 
the left hand diagi'am the exhaust valve closes at 7.8 + inches. 

Fig. 103, stale 10, realizes a trifle over ten pounds of the receiver press- 
ure. In this case, we have apjilied the demonstration from the average of 
the expansion line, as neai-ly as we can judge. Tbe action of the valves, in 
this case, shows plainly the change in pressure in the receiver from the com- 
mencement to the middle of tbe exhaust The steam line is a very peculiar 
one, and the demonstration shows that the valve was closed at 21.7 inches of 
the stroke, giving a horse-power of 1042,4, whUe the other end gives 1143.48 
horse-power. There are one or two points with reference to this diagram 
worthy of notice. On tbe left-haiul diagram the exhaust valve closes at 11.85 -f 
inches of tbe stroke, at a lower pressure than the right-hand end, which closes 
^ 10.53 inches of the stroke. The cushion or compression, in this case, 
^blainly shows that the higher pressure and shorter closure produced the 
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highest compresaioii. The vacuum shows a trifle over ten poimdB at tha 
highest, the lowest being eight. 

Diagi-ams 100 aud 101 show the total amount of power required to drive 
the ship aa 2510.09 horse-i^wer, while 102 and 103, taken within a very few 
moments of the others and as near aa possible under the same circumstances. ' 
show the probably con-ect action of the valves, and the correct amount of 
power aa 2124.94 horse-power. 102 shows plainly the rise in the receiver or 
exhaust line, and 103 plamly shows this action in Ihe steam and eipauaion 
line of the right-hand diagram. Experiments are now being conducted ou . 
that ship with a riew to adjustment and finding where the engines n-iil do the 
best work. We would not attribute any motive, but it is eomewhut curious 
that the indicator furnished should make a difference of a few hundred horse- 
power in the power required to diive a ship. and. therefore, presumably make 
the amount of fuel pel- horse-power less than if the actual amount of power 
was known to be much less than it was supposed, and the amount of fuel 
much more than it had been considered. These diagrams ai'e well worthy of 
a careful study for they will interest stationary engineers aa much aa marine. 
We should have grave doubts as to the economy of these engines as compared 
with some of the examples from other engines which will follow. 
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LESSON XLV. 



BADLY THROTTLED ENGINE, LOSS IN INITIAL PRESSURE, AND LOSS IN 

VALVES. 

The diagram Fig. 104 is from an engine sixteen inches cylinder, thirty- 
six inches stroke, running sixty revolutions, boiler pressiire eighty pounds, 
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Pscftle forty, with a tliree-incb feed pipe and a five-iucli exlmust pipe, 
are points of interest about this diagram well woHli eiaminatioQ. 

A represents the line of absolute vacuum, B the line of realized preBsnre, 
C Ijoiler presBure. It will be noted there is a wide difference between the 
lines B C ; for with eighty pounds boiler pressui-e, there is only 62^ pounds 
initial pressure, the steam valve opens slowly, and we doubt if it ever gets 
wide open, judging from the steam line. From the diagram, there is nothing 
positive to tell where the point of cut-off is. so we must resort to (he demon- 
stration to gain information. In this ease we erect the line, D. rather past the 
center of the eijiansion line. We then di-aw the first pai-allel, F, from the in- 
tersection of D A to the intersection of F B. The line E is then drawn 
parallel with F fiom A to B. AVherever the line E touches B, from that point 
drop au ordinate G, which represents ^Trtually the volume of steam admitted 
to the cylinder to do the work, and this line measures the amount of steam, 
from the commencement of the stroke to its cutting off. that was used to pro- 
duce the known pressure at D, supposing the steam had been properly 
put into the cylinder and that valves and piston were tight so that it was 
correctly handled after it was once put there ; but, unfortunately, the steam 
did not get in on the piston as it should Iiave done. Now, had the proper 
amount of steam been correctly applied between the introduction and the line 
G, it woiild have followed out the line B to the jtoint B G. and then would 
have followed the theoretical line or the dotted line. But in the Hret place 
we see that it falls away short of the theoretical line until it reaches the fourth 
ordinate : at that point it seems to go above the theoretical line, we find at 
the ninth ordinate it commences to exhaust at the very point where it should 
have expanded to. 

To refer again to the demonstration and its purpose, this application is 

not at all to raise questions to confuse the engineers, but rather to show them 

different points which arise in oui- own practice and that of others, where so 

many of these things oi'e constantly coming up which vex the operator and 

the builder. In this case it is perfectly fair to presume that the stream drifted 

in after the valves commenced to shut, gradually ran down on the line G, until 

the expansion is five pounds at the first ordinate below the theoretical line. 

This theoretical line is based on the actual pressure of steam at the line D, 

or the base line, so that the pressure at the first ordinate should have been 

five pounds more than it is ; at the second ordinate plus thi'ee pounds more 

than it is : at the third ordinate two pounds i at the fomlh ordinate the lines 

rirtually run together ; at the fifth ordinate the theoretical line runs below 

^^le line of the insti'ument ; at the sixth ordinate still more below \ seventh, 

^■ighth, and ninth increase until we stop at the ninth ordinate five pounds 

Bibove the line, as we were five pounds below at the first, while the distance 

^Kom the base line D to the ninth ordinate is about the some as that of the 

HrdinateQ. 

V^ Now, what is the cause of this almost exact balancing of the figure T Why 
BtaB it bwi below in one point and above in the other ? There ai-e two reasons 
Hgut could make it so^ and the indicator cannot tell us which of the two it was. 
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In tlie first place the presem-e actually was below what it should have been : 
ill the last, it was above. Now, this pressure may have been caused by a 
leaking-by of the piston or valves, and in the one case it would account for 
the terminal pressure at the ninth ordinate, probably to be more like a leak 
in the valvea : or, if the eteain was wet, there might be a certain amount of 
re-evaporation which would teud to keep the prewKure a little above its theo- 
retical value or its real value. Tiiis shows how unfair it is to base any absolute 
demonati'ation on the termiual pressure, as showing the real action of the 
engine. If the piston had been leaking-by during expansion to any such ex- 
tent, the leak wouJd have shown on the exhaust of the other side, and as it 
did not. we know that the opening of the valve was insufficient from the drop- 
ping of pressure below B on G at point of cut-off, and also that the pressure 
at B, cut-off at G, gives us the volume of steam to give the pressure, D, at 
that particular point in the expansion line, and that the vEilve was slow in 
closing, or. when closed allowed steam to pass through, or, leaked sufficient 
steam to i-aise the terminal pressure as shown, wasting the 62J lbs. of steam 
realized in the cylinder by valves insufficient in ai-ea and probably insufficient 
in their relative motion to give steam for the speed of the piston at the reg- 
ular speed of the engine. 



LESSON 7CLVI. 



HIGH-SPEED ENGINE DIAGKAM. 




The diagram Fig. 105. in this lessou was taken from an Armingtoa J 
Sims engine, 8 J inches diameter, ten inches stroke, nmning at 320 revolutions 
per minute, boder pressure Beventy, Thompson improved indicator, forty 
scale. The loiid in this case was given by a lever bearing upon the under 
side of the balance wheel, and in several instances the load varied byintentioc 
from the mere friction of the engine to 25 or 28 horse-power, within a (juarter 
of a minute. At the pai'tieular instant when this diagram was taken, the 
load was constant for the sake of ascertaining the accuracy of the indicator, 
and this was only one of several diagrams in the series, and this particular 
diagram is chosen in order to show the largest range of variation recorded ; 
in other words, the worst diagram of the set. 

The adnussion line at A will be seen to vary a little from the vertical line, 
whereas at B the impact given by the admission raises the pressure some- 
what, and at the same time is a tiitle late as compared with the movement of 
the piston. The oscillations, it will be seen, are confined, and the steam line, 
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■when folly di'awn, stands at sixty pounds, maintammg fifty-seven to the polot 
of cnt-off at C. It is n curious fact that some makers of indicators are re- 
cently claiming that the expansion line must be leUhout oscillations, eiinilar 
to those Hhown in thia diagi-am, in other worilM, their instnimeHts draw in the 
hyperbohc curve perfectly. In this case we wish to call the attention of our 
readers to the fact that a number of elements ai-e at work between the pointa 
C and D, in order to prepare them to reason out in their own minds c 
whether our own ideas upon the subject will bear the application of reasoning 
from the stand-point of fact. 

This engine is traveling very fast ; at the point C the valve is closed or 
Tery nearly so ; every thousandth of an inch that the piston moves forward 
on its stroke increases the volume of the cylinder ; no more steam is being 
admitted j an increase of volume means a decrease of presswe ; a decrease of 
pressure means a decrease of teinperatui'e, and a decrease of temperature 
means, when appUed to steam, an increase of water present in the cylinder. 
Kow the ratio of the volume of the cylinder is increasing all the while after 




the valve closes ; the volume increases, the pressure decreases, the water ii 
creases, etc. Now, is it possible for steam — supposing it was a perfectly dry 
steam at this point, which it is not — is it possible to make any instrument 
that will make any portion of a hyperbolic cun-e when these several elements 
are each one working negatively upon the other ? Even after the release 
commences, which is at D, it will be found then that the vai-iation of volume, 
temperature, etc., make a still further fluctuation in the line at E. by wliich 
time the exhaust port is fully open. "We shall show, in a subsequent lesson, 
that it is not precisely the correct theory, if men are to make truthful ii 
dieators. 

Now, added to the elements that we have cited!, there is another very im- 
portant one, the expansiouand contraction of the metal, the weight of the pis- 
ton, change in tlie spring, the friction of the moving parts, which is but ex- 
tremely little, yet it is something. Perhaps some one can tell us how it is { 
Bible to make an indicator tell an untnitb, or in othei' words, make some portion 
of the hyperbolic curve from C to D, instead of the undulating line, which ia 
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■without doubt caused Ijy the varioue demeuts to which we have refer 
it is somewhat curious that when the exhaust valve closes near F, in the com- 
preHsion of the Bteam, the increase of density or pressure liy shutting the 
steam up and compressing it brings back certain units of heat, and that tLe 
compresdion line has certainly, in the same ratio, given us the imdulations in 
an inverse way, (showing compression) to what the expansion line from C to 
D is. Compare the lines F A and C D, and tell us why these changes should 
take place, one proving the other. It will be noticed that the undulations iii 
the line ai-e reversed in F A to what they are in C D, showing that the expan- 
sion with the indicator piston upon the steam ia very correctly noted, while 
on the other side in compression the steam is driven up against the pistoa 
showingthe same effect precisely, but that the directions of the lines are re- 
versed. 

The diagi'am shows a very good use of steam ; possibly the action of tlie 
Bteaiu valve should be quickened a trifle in its relation to the piston of the 
engine, that would make a somewhat sharper comer at tbe termination of re- 
lease and commencement of exhaust, and woidd also cany the compression a 
trifle higher and avoid the little hook at A or in other words, would run the 
compression line into the steam line and would hjing the point B nearer the 
vertical line shown. Taken ail in all, it is a beautiful specimen of the high- 
speed engine diagram as well as of the indicator's work. The three lines, AS 
shown in the original, ai'e carefully reiDix)duced in all their variation, and the 
subject of the maintenance of pressure, quick expansion, almost locomotive 
release, as well as locomotive compression are well executed and illustrated, 
but with the full effect of boiler pressure to the point of cut-ofi^ or a close ap- 
proximation to it, and a fine exhaust, both showing that boiler pressure and 
free exhaust can be realized in this type of engine, and are accompliahed in 
every-day work. 



LESSON XLVn. 



MEDIUM HIGH SPEED ENGINE. 



Fig. 100 is from a different type of engine, one of mechnm high s; 
which has not been running many mouths. The diagi-am is from the Buck- 
eye engine, twenty-four inches ihameter, thirty-six inches stroke, 1(K) revolu- 
tions per minute, condensing, one of a pair, fi'ont cud of the left hand 
Boiler pressure seventy-two, scale thii'ty, Thompson improved indicator. 

Some pains have been taken to make the demonstration as plain as pos- 
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Bible in tliis case, for those not familiar with the new method of laying out the 
point of cut-off, aBtl then applying the theoretical cmre for efficiency, or to 
detect leakages or other troubles. 




On this diagram. 1 representH the absolute vacuum, 2 the atmospheric 
line of the instrument. 3 the liue of realized jireHHUi-e in the cylinder, which 
is sixty-eight pounds plus, or a little less than four pounds below that of 
boiler pressure at the ioRtaut of taking. B is our base hue from which the 
whole demonstration is made with reference to the point of cut-off; B is drawn 
from a point a little to the left of the center of the line of oxpanaion, from 
that to the line of absolute vacuum. From the intersection of the lines B. 1, 
the line D is drawn to the intersection of 3, F. representing respectively the 
realized pressure in the cylinder, the line 3, and F, the admission line. In 
this coae we do not know what the cleai'ance is, so we have OHsumed nothing, 
but tliat the indicator made exactly the lines showing the work done, so that 
no cleai-aiK^e is included. 'W'e show the steam used, and as we do not know 
what the clearance is, we prefer to coll it an onknowu quantity. 

C irt drawn parallel to D exactly, starting from 1 and crossing the end of 
B at its intersection of the expansion liue. Wherever this line O strikes on . 
.S. that is the mechanical point of cut-off assimiing only that geometry is cor- 
rect in its applicatioti, wherever the intersection of C, 3, comes, there is the 
point of cut-off, which in this case is perceptibly a trifle longer by the instm- 
ment than by the demonstration ; we do not believe in the system of ordinntes 
or logarithms where pressure and temperature are combined, but we believe 
if a mechanical demonstration is capable in any one direction, that a mechani- 
cal demonstration is far better for us to locate our point of cut-off, and not 
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be gueBBing, supposing, aBsnming, etc., etc.; bence ire moke tbe whole of nft 
demouHtrfttion mechanical rather than hy aseumption. 

We have, therefore, tbe interaeetion G, oiir first ordinate with the line 3, 
is the actual point of cut-off from that pai-t of tbe expansion line where we 
have located the line B, from the point A all these lines i-adiate. {See Leseon 
XLn in both demonstrations.) 

M'e locate the point of cut-off mechanically, and then demonstrate the 
theoretical cun-e niecbauicaUy, bo that we notice here a vnriation of far less 
than tbe width of the line, it shows us clearly that the valves of thia engine 
must huve been working very neai'Iy tight. Pi'actically they are tight, and 
wherever any broad variation from tbe actual line of the theoretical curve 
from the point of cut-off with this demouatration occurs, vou may commence 
at once to look for leuky valves, piston rings or something of that sort, in 
this case it means nothing ; we ai'e without the clearance line, and this dia- 
gram. a.s it stands, is simply and purely an actual exponent of the work being 
done at the time, but it does not show the whole bulk of the steam used, only 
as we know precisely what the clearance of that end of tlie engine was, but 
for all i>ractical purposes we would not give a farthing to know, and it may 
be well to say here that tbe clearance, if knoien, would add its volume to 
steam used, but would in no way affect tbe cut off, or expansion. We have a 
diagram here which shows a very fine working of steam, so far as taking, car^ 
rying, cut-off, expansion and release go. The vacuum might, perhaps, be im- 
proved in amount, but as it is an independent condenser and no part of the 
engine, we do not criticise it. It starts with only four pounds, runs down to 
nine, ten, eleven, then commences to go the other way, making a fine com- 
pression, though possibly a trifling steam lead. 

One point must be taken care of in locating this basis for tbe demonstra- 
tion, and that is, that tbe ordimite B should never be di'awn too early in the 
expansion line, for steam, like any other body where work is being done, as 
a steamship or a train of cai's, takes a little time for the engine to get to pull- 
ing, and so it takes a little time for the steam to settle down to its expansive 
work, and that place which is fair for it, all things considered, is a trifle 
beyond tbe center or when the speed of the piston is very slightly diminished 
by getting uj) on tbe crank ; in other words, where the speed of the piston is 
very slightly slower and the pressure of steam has very considerably dimin- 
ished 1 sometimes sudden fluctuations will be found in expansion line by 
rings leaky, in such a case get two or three points and demonstrate from 
each, and so find where tbe leakage 
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LESSON XLVm. 



I USB OF STEAM. COMPARISON BETWEEN EXHmiTED PACT 
AND POSSIBILITY. 




In Fig. 107 WQ Ikave boiuething not only to think of, but eomething 
hich ve can compare aa between the application of g'eometry to fact and 
mathematical rendering of the geometrical delineation, by so simple a process 
that every reader who haa a planimeter cun, in fifteen minutes, tell whether 
our statements ai-o coiTect or not. AVe have chosen about aa awkwaril a dia- 
gram aa we could conveniently, for two reasons : almost anybody who has 
been reatbng our indicator articles for the past few years, cim make a demon- 
stration on a finely-outlined indicator card; aiid we have chosen this curiosity 
more for the sake of the application of our own method of finding out, first, 
where the steam was cut off. aiid then finding out what ought to have been 
done. A represents the line of boiler pressure, which is fai' above the real- 
ized pressure in the cylinder; B represents tlie atmoH}>hei'ic line of the instru- 
ment : C represents absolute vacitum from which all computations are made 
both for geometrical demonstration of the point of cut-off, and quite another 
demonstration having nothing to do with the first, which gives us tlie theo- 
retical curve, supposing steam does expand either according to IVIariotte's 
law or Rankine's formulas; but the two demonstrations are not in any way 
connected, beyond that the line D shows the amount of steam used iu the cyl- 
inder, the volume from C to D being filled, if cut off and jiroperly expanded, 
and the intersection of line D with the line F shows point of cut-off on the 
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line F. The engine from which this was takes was running eighty-two w 
lutiims per minute, scale thirty, povernetl by one of the throttle go\'emora 
and waa supposed to be doing good work. The cai'd made by the indicator 
Btarts off with foi-ty-five pounds initial pressui-e, makes a nice little jog at 1, 
runs along at forty-five pounds, and commences a peculiar gyration at 2. 
dropping off suddenly from tbiH point to 3, rising again to 4, and making a 
peculiar short curre, com.mencing at 5 again to nm in a Htniight line, and at 
6 another peculiar vibration. The terminal presam'e at 7 is forty-one pounds. 
We have thus a very peculiar expansion line, and almost any one with any 
knowledge of steam enginery would pronounce it not by any means a model 
card, but we have less to do with thia than with the nest factor in this most 
interesting case. A little beyond 7 the exhauat valve commences to open 
and opens slowly, so that at 8 we have twenty-four pounds back pressure, at 
9 we have seventeen pounds and at 10 ten pounds. The hack pressure 
gradually hecomea lesa until the exhaust valve doses at 11, where it has 
heen reduced to five pounds ; we have all the space bounded between the 
exhaust line of the instrument and the atmospheric line of the instrument B, 
making a large area, the exhaiist being, perhaps, n little leas ragged than the 
upper line 1 to 7. The closing of the exhaust valve at 11 is very nearly cor- 
rect, but the opening fi'om and after 7 shows distinctly that the motion of 
the valve is incorrect, for it is entirely too slow, if large enough, in its pro- 
portion to the stroke, and all the area when open is not sufficient ; hence we 
do not realize the theoretical line of exhaust, nor indeed the usual exhaust of 
a half pound of back pressure. The planimeter reading of the indicator card 
precisely as it cornea from the instrument is 473 ; the planimeter reading of 
the area covered in by the back pressure is 144 ; then we have an oi-ea of 
473 -|- 144=617. Now there are parties in the world who claiui (we will call 
this horse-power) that in this case the 473 horse-power is transmitted to the 
machinery, and that the 144 amounts to nothing. Perhaps this ia so. All 
engineers know that the boiler capacity is invariably measured from the 
atmospheric line, and in this case the boiler would receive credit for and 
would actually be doing 617 horse-power. It is claimed also that the bock 
pressure upon one end eipializea the hack pressure on the other ; perhaps 
this is BO ; posaibly not. Now, while the piston moves from 1 to 7, the steam 
ia escaping from the other side of the piston, and from 7 to 11 ia going on, on 
the other side of the piston. Now, if wo have 473 on one side of the piston, 
144 added to it, if it were working aa it should, but, in this case, working 
against it, does it require anything on the other side of the piston to push 
that 144 out of one side of the jjiston and out of one end of the cylinder, 
while the steam is making the card upon the side of the piston in tlie direction 
of from 1 to 7 ? Now, if this statement ia a fidlocy will somebody show iis 
where ■? In other words we have drawn the line E from the expansion line or 
steam line, whatever it may be, to the line C ; from the base of E we have 
drawn a line to the intersection of F G, namely, realized pressui-e. and the 
boundary line of the owd, gi^Tug the steam and vacuum lines, parallels to tlda 
line, which is omitted in the engraving. "We have drawn from a point on C to 
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3ie line F, which croeaea tlie line F at the interaeotion of D F; from this point 
■we drop the line D. Now, the apace boundetl by the line C G F D represents 
the volume of the cylinder at which steam ahould have been cut off in order 
to produce ita equivalent at E. Then by the same plan given in Leaaon " XT.TT, 
we draw in a tlieoretjcal liaie F. Now, we asaunie here simply that had the 
engine been haniUed as an engine ahould have been, it had a pound or bo 
above the actual initial presaure, that it would have been cut off at D on the 
line F, and then if the valves were tight it would have expanded according to 
the curve F, and if it hatl exhausted as it should have done, it woiUd have r&- 
turaed upon the line B. There is something curious about all this. The 
dottetl steam and expansion line with the correct exhaust gives us precisely 
the same planimeter reailing as in the diagram above 473 without the 144 
back preasxu'e. This may be the correct way of workiug engines, we mean 
the actual diagram, but in our own demonstration we have oiJy shown what 
the engine ahould have done, proviiling the steam were worked correctly and 
at the real boiler pressure instead of that which was realized. It ia a little 
curious that this result comes out precisely as it does, without any calcula- 
tion other than that all the simple demonstration and the addition of about 
one-third of an inch in length for clearance. The comparison shows a most 
■■ expensive mis-application of steam, l 
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I HIGH SPEED ENGINE, RUN AT A LARGELY INCREASED SPEED TO TRY 
AN EXPERIMENT WITH THE THOMPSON IMPROVED INDICATOR. 

The author was among the very first of the engineers who had actual ex- 
perience with the high-speed tyjae of engines, beginning with Mr. Porter's 
engine in ISfiO, and haa had much to do with and haa advocated the high 
speed for certain purposea, and it would seem, perhaps, better if we were to 
give some few illustrations which have not been previously given. In Fig. 108 
we give something which we beUeve never before done, and in this case waa 
done for an expeiimeut, but we presume will soon be adopted as practice. 
It is a well known fact that in electric lighting long-stroke engines have in 
some cases proved to be (even with the best regulation) very undeai-able, 
from the fact that on the incandescent light the strokes of the engine can be 
~ uited with the utmost precision, if any one will give careful attention to it. 
S the other hand, with some high-speed engines the short stroke has been a 
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dieadTEmtage, by means of not thorougUy oyerconiing wUat was expected in 

the matter of measureiueut of time as between the lon^r and nliort stroke, anil 
tibe higli-speed engine requires a great increase of accuracy, if such a thing is 
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pofisible, over the slow speed, in proportion as the stroke in shorter, than the 
slow-speed engine. The same factor of an increase of speed fi'oni the com- 
mencement to the middle of the stroke, and the decrease of speed from the 
midtUe to the end of the stroke, is present iu the short-stroke engine, but it 
becomes tieautifully less in percentage as the sti-oke is shortened and made 
more frequent. In other words, the visible effect on a high-speed engine, if 
run ttt regular speed, is exceedingly little. RegiUai' speed does not mean a 
great varijition, buj, a close approsiroation to a cei-tain line, and any varia- 
tion from this is very noticeable indeed, and is not only noticeable, bub has a 
very pernicious effect upon the film of the incandescent lamps. 

The author was called upon to make a test with some indicators. He 
had desired very much to obtain an indicator that would give a reliable card 
from an engine running 500 revolutions, "We had no engine ninning 500, nor 
could we get access to one, but through the courtesy of tlie owner of on 
engine we were allowed access to his engine during the noon hour, with the 
privilege of ninning it into the afternoon if we would agree to stay by and 
take care of it. The regular speed of the engine was a little above 300 per 

We set the regulator arm-springs down as much as we dared to, adjusted 
our iniUcators as neai-ly as possible, and opened tlie throttle valve. Wo had 
intended to run at about 400, but were simply guessing at the tension of the 
Springs. The speed was simply terrific ; counting was entirely out of order. 
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and the engine ran as fiinootbly as at 320. Finally the genUemau who bad 
invented the 600-i'eTolution-per-miiiute engine decided that he vrould experi- 
ment aumewbere in the neighborhood of the speed we were using. A counter 
H then procured, and we found that our speed ran in fifteen seconds 109. 
thii-ty seconds 217, one niinute 435, and two mlnutt^s gave us 8C6.872 and 
870, The steam was then let into one of our new ThompHon improved in- 
dicators. Fig. 108 is one of the diagrams token from the head end of an 
Armington & Sims engine, Sjx 10, 435 revolutions, boiler pressure 90, eciUe 
A represents the line of boiler pressure 88 or initial preHSure, C the ver- 
ticiJ line at right angles to D, which is the atinitsphenc line of the insti-uiuent, 
and E the line of absolute vacuum. lu this case the luie of the diagram above 
C. where the compression closes and the steam valve opens, shows that the 
steam valve is slightly in advance ; in other words, that there is a little actual 
lead. The opening of this valve is instant, and the steam in this particulai' 
case shows an impact rising of between thii-teen and fourteen jMJunds, but it 
as instantly descends to about four pounds below realized jireHaure. The 
steam line is then caiiied off very handsomely, and the risible point of cut-off 
1. we tliink, for such a speed, very plainly shown. 

Here comes up the old cjuestion of what makes a wavy line of expansion, 
and we do not think we hare far to seek in this for the reason. In this dia- 
gi-om there i:^noa^.^.^^)ption, for we have nil the facts, and the expansion line, 
as is shown in the first di-opping after the cut-off valve has closed, descends 
something below the theoretical, then ri.ses slightly above, again falls slightly 
below, and just before the exhaust valve ojieus at J, the theoretic and the 
practical line in its oscillations cross eacli other absolutely. The sudden out- 
let from J to K shows us that the steiim will expa:id in anytlilng but a section 
of a hyperbolic curve, when allowed free e-jress. At K we have another little 
oscillation, another shai-p curve approximating much neai'er to a right angle 
with the theoretic curve, and at L we have still another oscillation. The cause 
of this we have frequently been asked for, and lately in a case where the same 
factor apijeai'ed. Oiu" rea.soning of this is : From J to K, when the exhaust 
valve opens, there is a sudden exit of a considerable volume of steam under a 
pressure of thirty-three pounds above the atmosphere. The exhaust pipe in 
this case is of quite a length and when the steam fiom the cylinder, released 
by the exhaust valve, impinges upon the steam aheady moving in the exhaust 
[jipe, a little reaction is caused by this very elastic medium, which makes a 
crook in the line at K. The steam then moves along again, that which is 
being released from the cylinder sti-iking or pushing the other, all of which 
is very elastic, and at L the pressure is reduced so materially that no further 
ribration in the movement of the body of steam can be recorded by the in- 
dicator ; and this may be further proved, perhaps, by the dropping off of the 
line as it turns from tlie termination of the exhaust just below the letter L. 
diopping down nearly two pouaids before the exhaust line starts on its con- 
tinuation. The line then, it will be noticed, drops a little as the exhaust is 
completed and before the exhaust valve closes again, a little to the left of D. 
Here we have precisely these same ribrationa or oscillations or changes as the 
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comprusHioa increasee, showing itlainly tliat the eiliauat valve doses and Uie 
comprettsiou ceoees iu amouut of poiuids, making a nearly etraigbt line on the 
upper step before tLe steam valve opens. 

Proceeding with our usual demonstration, first to find the point of cut- 
off and the actual amount of Hteain UBed, wo have erected here the line F, aud. 
if the reader will notice, we have erected it not at the point of lowest pressure, 
but at about the highest point after the expansion really gets settled. From 
F we carry the paralleU G H, aud in this case we have included the actual 
measure of cleai'ance of the engine, embracing the iuwde of the valve, the 
passage from the valve into the cylinder aud the actual space between the 
piatott and cylinder head, from data obtained fi-om the engine when still 
and the clearance filled with water. We have therefore drawn G from the 
intersection of F E to the intersection of A, line of boiler pressure, B repre- 
seuting between C aud B the actual amount of cJeai'ance as compared with 
the total cubic contents of the cylinder through which the piston moves. In 
this case it will be noticed we charge the engine with the absolute boUer 
pressure ; we also charge it with every jiai'ticle of clearance at that end of the 
cylinder. 

Having thus defined the point of cut-off, we draw the first orilinate from A 
to angle formed by E B, see lesson XLII, starting from the intersection of the 
lines B E, and we have made the whole demoustration except the point from 
which the lines radiate, and these are omitted purposely in order to show 
clearly just what the effect of the action is ; fi'om the joining of the second 
ordinate with a line at right angles to the first ordinate at the crossing, and 
the process being repeated by the third, fourth, fifth and sixth ordinate^ 
through these points t-om the first ordinate the theoretical curve is dotted. 
It will be noticed that the second ordinate of the theoretical curve crosses a 
tride above the actual line of the instiiunent, and at about the center of the 
stroke or when the speed is at its very highest. The third ordinate crossing 
is a tiifie above the hne of the instrument, the fourth is a trifle below, the fifth 
is absolutely on the line. 

At J the exhaust valve opens and the curve is carried forwanl, passing I, 
in order to show where it would have come had the pressure been intuutalned 
by keeping the exhaust valve closed. We have not figured this for absolute 
effective percentage, though the percentage is very high, but present it as an 
example from actual practice, showing that we may chai-ge the engine with its 
whole clearance, about nine jier cent-, remembering that the cylinder is Sj 
inches iu diameter, and that while the clearance may be large in proijortion, 
the handling of the steam, charging everything to the engine that we may 
properly or justly do, is most excellent, even at this tremendous speed. It is 
impossible at such a speed as this to take a card quite so neatly as we like to 
do from one running 80 to 125 per minute, for if you touch the paper at all 
you must necessarily make several records. In fliia case the lines did not 
vary the width of one another apart at any point of the diagram, bo Uiat t 
have engi'aved a single linu 
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The queBtion of the recording of the Unes of espanaiou of steam under press- 
ure and tlie oacillations is, to our own mind, always an evidence of extreme 
sensitiveneHs and reliability in the indicator, and we believe that, sooner or 
later, the real doctrine of the expansion of ateam will be settled upon a basis 
that will not be Med with vagaiiew. 




CABRTINa STEAM FULL STROKE AND EXHAUSTING LTTDER EXCESSIVE 
BACK PREBSITRE. 

h In Fig. 109 we have a comparison of high pressui'e steam, throttled down 
■iillil then carried f lill stroke, and, to make the matter all the worse, the exhaust 
IB nearly equal in resistance to the whole amount of work transmitted. We 
have made some comparisons on this diagram, both from the boiler pressure 
and the realized presHure, and to show how the effective use of the steam ia 
entirely done away with and no economy attained. Boiler pressure, 100 lbs. ; 
revolutions, 114 per minute ; scale, 60. 
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The line A in this case is the banc of the first combination. B the line of 

B boiler pressure, C the atmospheric line of the instrument, D the absolute 

Tflcuum. From the intersection of A D, we draw a line (according to onr 

method of delineation) to the intersection of I B, then on D we lay off 
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towEUxlB J the same distance that eiists between the mtereectiou of A and the 
steftiu line of the indicator card and the hne D I. From this poiut ou the 
line D we find the i>oint thi'ough the top of the line A which intersecta B, 
from which we di-op F. showing the amuiiut of steam used in the cylinder to 
make the theoretical exjiansion curve G, showing the amount of steam at 100 
poiiiidM cut-off to make very nearly the same amount of work as that shown* 
by tlie indicator diagram and the back pressure : the planimeter reading of 
the indicator diagram outline is 219, the back pressure 134, the ai:m of the 
two being 413. while it we take 100 pounds of steam, cutting it off ao that A 
shall equal the pressm-e at that portion of the stroke, we obtain 459. Now 
there is a point here to be (Kiuaidered ; if we were to make the outline bounded 
by cutting off the hundred pounds at B F, taking in the theoreticid curve G, 
we have 459 on the plonimeter. Now, if we should make the same misuse of 
steam by the valve in the larger featiu-e, or by cutting steam off in ailmitling 
steam, that the indicator ciu-d itself makes from K to L. the sum total of our 
areas should be exact. In the cose of cutting off the 100 jjounds of steam, we 
have simply assumed that the cylinder is to be filled at the conamencement of 
the stroke ; so that whde with 100 pounds of steam, cut-off B F making G, re- 
turning on C and admitting again on the line I. we have almost a peifectly 
theoretical diagram ; but in the actual misuse and abuse of steam bounded 
by the dotted line, which is the indicator card, we have 219, the back press- 
lire whiuh should have been useful eSfect, and the little triangle bounded by 
thedotted line which is the induction pressure, or realized pressure after the 
steam valve gets open, the vertical line I and the irregular hypothenuse K L, 
we have an area of 20 on the planimeter, hence we have 219-f-194-f2C— 439 
as against 459 deTeloi>ed by the proper use of steam. 

But there is another factor iu the case : Using A in the third computa- 
tion as our base line, triangidating with the dotted line E. which is the line 
of realized pressure in the cylinder, we obtain the line H as the volume of 
steam admitted at that pressure, and the eipausion line should follow the 
lower line M, which stiikes the theoretical cm-ve G at N, and then follows so 
neai' that it is almost impossible to show the two lines on the card ; this is 
supposed to exhaust freely, or what the engine should have done had the 
steam been entered at the pressure E, at the veiy commenceraeut of the 
sti-oke, cut o'a at H. expanded on M G to the terminal pressure and exhausted 
freely. In this case we have 352. 

By this time our readers may wish to know what all these letters, figureit 
and lines mean, or where the working engineer is going to learn anything 
from such a mass of references. Let us see ; iu the first place we had a hun- 
dred pounds of steam, for the scale is 60, the engine was ninning 114 revo- 
lutions per minute, it made the dotted line diagram which figures 219 ; sup- 
pose we call it 219 horse-power, working against the back pressure 19t In 
other words, the boiler was yielding 413 horse-power to do 219. Steam was 
carried the whole length of the stroke after it was first admitted. If the 
steam had been admitted at the pressure represented by the line E, which is 
about sixty three i>ounds, and been cut off at H E, expanded as shown by M 
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\, it would have produced 352 horse-power with an expense of a little le§b 
thau half the eteam, provided the valve had admitted the ateam at the out«et 
and tlie exliauet had not been checked. On the other hand, liad this engine 
ailmitted the boiler pressure of one hundred pounds, cutting it off at F on B, 
properly expanded and exhausted, the steam which was in the boiler and was 
' not used on account of detects in the construction of the engine, a aliU less 
q^tiantity of eteam would have given 459 horae-power as against 219 horse- 
power by this wretched misuse of the steam. 

The valves in the engine from which this diagram was taken are very- 
wrong in their construction, and have a fault common to many of the new 
engines of '83 and "84. They do not travel far or fast enough to give either 
induction free from the throtUing, or eduction free from back pressure -, 
steam cannot be used profitably or economically without free passage— into 
1 out of the engine. 




iRRI9.COItLI38 ESGINE -DISTORTION OF DIAGRAJI BY THE rNDICATOB 
MOTION. 

The approximate value of the correct reading of an indicator diagram is 
something which can be gained by careful attention to facts, and we believe 
only in that way. Fig. 110 is a rather pecidiar case, from a Corliss engine 
23 X 48, running sisty-six revolutions, aeventy-nine pounds of steam at the 
moment of taking, nearly eight pounds of back pressure, and was the cause of 
considerable argument and inveatigjition. 

The line A is absolute vacuum. B atmospheric line of the instrument, C 
exhaust line of the indicator, D expansion line of the instrument, E realized 
boiler pressure in the cylinder, F boiler pressure. It will be seen that the 
engine takes steam very squai'ely, eivrries it for a short distance, and inamedi- 
ately commenoes to tlrop off. "We have located the base line, G, a little beyond 
the center, in order to allow the steam time for settling down to its work. 
From the intei'section A G we have drawn I E, and parallel to it H ; the 
intersection of H E by this demonstration gives us the point at which eteam 
was cut off, to give the pressure at G in the stroke. The demonstration is made 
for ascertaining whether the steam expanded correctly or not from the point 
~ ; and the line J. which is dott«d difl'erently than the line D, is the hyper- 

a curve from EI, or the amount of steam used. Curiously enough this lino 
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J croBSBB the expansion line D at the point G. or very neai 
nearly as much below the expansion line of the inatnimeut 
stroke, as it riaes above it between H I and G H, 
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Fio. 110. 

There ia something rather curious about the peculiar formation of thia line, 
as also in the cutting off, and after the question was submitted we wrote the 
engineer that his engine was either leaking or that his attachment was wrong, 
which gave motion to the indicator — a careful draft of all the connection 
settled the point that the motion was not square with the engine, and that 
the motion of the paper baiTel of the indicator was so arranged that it ran 
too fast and too slow from distortion of the motion, luid showed a "leaky 
valve" if the motion had Iwen correct — but the trouble was remedied by 
throwing away a bad motion, and using the pantograph properly attacbedi 
and the distortion ceased. 



LESSON LIL 



A CTJBIOSITT— IN DLiQRAMS. 

In Fig. Ill we have a rather knotty subject, more for the sake of the ii 
mation it contains, bat also to show the difference in indicator's performance. 
The diagi'am illustrated was taken from a Porter-Allen engine, one of a pair, 
right-hand engine, back end, Ijoiler pressure eighty-two, fifty scale, revolu- 
tions 355 per minute. Tabor indicator. 
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Tile admission line A gets 011 very well until the piston of the engine 
conuueuces to move, when an oscillation takes place, making a veiy atteuuo- 
ted-lookiug figui'e 8. Curiously enough, the first loop seems to be against 
the motion of the piston and the nest one with it, as the steam is introduced, 
and the movement of the piston so sudden, c&nies the necoud slant of the 
pencil lever up above boiler pressure some twenty pounds ; coming down 
again as the motion of the piHtou increases, crossing under B, tuakiug a moat 
peculiar curve, droi)ping into the saw-tooth, and then upward by a reversed 
curve or aconcave, instead of convex movement, turning over again, coming 
down in the direction of D ; and, if you torn this wrong side up, you have a 
handsome Roman nose, rather sharp at the point, or a good-looking saw- 
tooth for a hand saw. The peculiaiity of this, again, is a convex instead of a 
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concave movement, dropping away considerably from the theoretical expan- 
sion line, which is dotted in. The nbrations, then, which take place in the 
expansion line, become less and less, but continue until the very end of ex- 
pansion and commencement of release. The engine is working with a con- 
denser, and the line F is that of the vacuum. We have erected, as nearly as 
possible, the theoretic point of cut-off from our own system of demonstration, 
charging a moderate amount of clearance : whether correct or not, we do not 
know. It will be seen that the demonstration gives iis a close approximation 
to what would ordinarily be termed the visible point of cut-off, or where the 
expansion Uuo really commences. The second notch comes closely up to the 
theoretical, the third the same, while the fourth, fifth and sixth are slightly 
above. WTiether this is caused by any possible leak (which must be very 
trifling), or whether larger clearance would have made it stOl below, we can- 
not say, for in this case we have assumed the clearance, and, to oiir mind, it 
only shows that there is a certain analogy in the demonstration, and the actual 
effect wherever an approximation is imule. and it also shows that the indicator, 
at high speed, may possibly become, in a measure, entu-ely unreliable in its 
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reaclings of the poeition of the vaJves — for in a case of this kind there is Dot 
the remotest appvoximation to auy position from which we could work to ad- 
just the valyea. The impact of the steaia entering the cylinder at the press- 
ure and speed given, is aomething fearful^-nnd the indicator may not have 
had a steady motion, and any irreguhirity, or instability, in the reducing mo- 
tion wouhl have given the distorted lines shown. The engine from which 
this wftH taken doea not luako auy such diagram, and this is introduced aa 
one of the curiosities of practice. ■ 

The question at issue really is : What made these f unuy-looking crooks 
and curves in this diagram? It certainly was not the engine. Was it the 
motion, or was it some defect in the inatniment, or something between the 
instrument and the cylinder T Who can tell t This will be something for 
the engineers to work over, and it will well repay them for any trouble they 
may take. There are some curious features about it. This diagram was 
taken nearly two years ago, but it is just as well worth studying now as ever 
before, and, without further information, we cannot attribute all the fault to 
the indicator, or to the engine— but an insufficient spring in the indicator, or 
a tampering with the barrel-apiing or a pendulum too weak for the speet! 
and tension, either one will acuompliah practically the same result — to a 
certain extent, but not to so I'adical a change. 
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ADJUSTING CORLISS ENGINE VALVES. 

This time we have an interesting illuatratiou, auil we hope our readers 
will not get confused with the aeveral lines upon it. The diagram (Fig. 112) 
in this case represents an engine built by one of the best makers, aud which 
had been abused most effectually. A ahowa the diagram in tine, dotted lines, 
after the adjustment was complete; B, a solid line, shows the second stage, 
or during valve adjustment; and C, a wavy line, shows where we found it 
Thia is one of a series of diagrams taken to find out what power parties were 
using, with a view to ordering a larger engine. Commencing with the dia- 
gram C, and ninety-five pounds of steam, we obtain aiity-five pounds real- 
ized on the piston in the cylinder — a very bad beginning for a Corlias engine, 
but the engine was not to blame. N^itice the two lines forming an angle at 
D ; this is about where the line of admission would have come out if it bad 
gone on at the same ratio, with the pressure at that point ; but if the press- 
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ure liail rencheil tliat point, it would liave gone forwaril of D decidedly, 

owing to the quickening motion of the piston. Now, let ub see. The steam 

valve does not open ; the steam line looks like an 

old-fashioned jjoppet vulve engine, which li 

to cut off the moment it woa ojien. It is hard 

work telling where expansion begins or ends. 

Having looked this matter over, and finding 
both ends were alike, we moved the eccentric a 
little more than half an inch ahead on the shaft, 
80 aa to quicken the time of movement. B wan 
the result ; the valve opens considerably quicker, 
and it will be noticed with this change we have 
eighty-eight pounds of steam. But by this time 
our crank valve is working nicely, but the head 
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valve is pushed back by the jimcrauk shaft, or, in other words, the 
claw pushes the valve back on its seat, so as to get a good hold and start 
again ; but this wont do, so we must move the eccentric forward again, 
which is done, and we secure A, which ia just about as well aa we can do. 
We have now ninety-five povmda out of ninety-seven ; take ateam about at the 
right spot. Our crank valve at this time is a httle too fast, bo we must 
change that on the jimcrank by slowing. 

"We have not space here to make all the illustrationa that would be 
necessary, especially as regards the release and compression. It will be seen, 
however, in the fine dotted line, that the compreaaion and the opening valve 
merge into one line beautifully. The expansion line looks very mcely, but 
for the aake of avoiding any confuaion we have omitted any demonstration, 
the object of this being to impress upon our readers the fact that the proper 
way to open the valve gives the beat possible use of steam ; and the reader 
who may be informing himself with the use of the indicator can see here a 
moat notable case, where the exact opening of the valve gave a prompt cut- 
off, a beautiful expansion line to all appearances, exhausted slightly under the 
atmospheric line and compressed ao as to make as fine a line aa we need to 
work for. It is a simple lesson, but there ia a good deal in it. 

The whole thijig was done in less than half an hour, and the engineer 
and the parties who were looking on, when they came to load the machine, 
never saw it do so well before. If an engine runs right with a light load, it 
will run well all the way through, and we have no doubt that this engine 
would have cleared itself creditably if it bad been running and carrying 
steam aa far as it could have done ; but under these circumatancea there 
would have been a good deal of loss, for the steam pipes were insufficient to 
carry any great part of the length of the stroke. 
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EXPENSIVE ■'CUT-OFF" BY CHEAP ATTACHMENTS. 

The diagraia, Fig. 113, was sent ua by aa engineer with the request thM 
we lay out for hiiu the expansion, curve from the apparent point of cut-oft, 
and an nearly aa possible from the cut-off made by the qiiautity of steam really 
in the cylinder, according to our method previously illustrated, the data of 
the size of the engine was not given and is iuuuaterial for the purpose far 
which he asks information. The data which accompamea it is twenty-four 
spring, fifty-five pounds of steam in the boiler, head end of engine, seventy 
revolutions. 

The diagram is a peculiar one. in fact a most wasteful one, and for that 
reason alone it is given space. 
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The line A is the basis of our computation of quantity of steam accounted 
for in the center of the expansion line. [The engine is supposed to be 'work- 
ing witti n cut-off]. B C parallellines, B extending from the intersection of 
the vertical line and the line of initial pressure I> E, E is the point of out-ofi 
estabhshed according to this method of ordinate A, parallels B C, all of which 
are explained, in Lesson XLII, as the method of locating the exact point of 
cut-off. tiikiag the expansion of steam somewhere nearest the center or the 
point of least variation. F is the atmospheric line of the instrument, G th« 
line of absolute vacuum. 

In answer to our inquirers we have taken the visible point of cut-ofi^ P, 
slightly beyond the sharp comer, and, from the intei-section of the line of 
absolute vacuum and the vertical line or admission line proper, have Ij 
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' the theoretical cun-e according to the method referred to above. This line 
terminatea at H auil shows a decided change between the visible point of 
cut-off and the actual terminal lines, the point K in the actual diagram being 
twenty-seven pounds above the vacuum line aud the point H being four 
poimda above va<'uuni line, and the jjoint H is where the terminal pressure 
should be ifT> is the point of cut-off as it appears, and if the valves close 
tightly. 

Taking the line A as the basis of our calculations, we find the point E to 
be designated as the cut-off by demonstration, a termination of the 
exponsiou line proper at I, being IJ pounds above the atmospheric line of 
the iustmmeut, 16^ pounds above absolute vacuum, while the real line of the 
instrument is, as before, twenty-seven pounds above absolute vacuum. There 
are some other peculiar features to this diagram ; iu the boiler we have fifty- 
five pounds Bteara pressure, only thirty-two of which at the outset is realized 
in the cylinder. If we follow the line of the inatrumeut we find that after 
the valve commences to close, somewhere near D, there is a gradual sifting in 
of steam until it passes the intersection of the line A with the expansion line 
of the instrument ; in other words, the engine takes steam a long way aftw 
the cut-off valve apjieai's to be closed, and if there is any economy in the 
engine, it must be economy in running a cheap engine at an enormous espense 
for fuel. If the reader will figure the water consumption of this engine, for 
comparison with any size and speed engine he chooses, he will find it is 
enormous. 

The exhaust of the engine is anything but good ; starting vrith nine 
pounds of back pressure, averaging five, but perhaps this is not all in the 
engine, our informant does not give us this fact. Whatever may be in the 
engine it ia not a good exhaust. The compresaion line is fair but the steam 
admission seems to be late, peculiarly so on the upper part of the line ; the 
steam-carrying line, or the steam luie proper, is very short, and while the 
visible point of cut-off is sharp to a certain extent, the practiced eye soon 
discerns that there is uo expansion line to the diagram. It shows what is 
t«rmed sifting in of steam, until considerably past the half stroke. 

lu outline the diagram has every appeai'ance to us of a peculiar arrange- 
ment known as a regulating cut-off, where some sort of a cam is applied to the 
throttle- valve regulator, which hfts the throttle valve at the commencement 
of every stroke and drops it again. That probably accounts in the action of 
the regulator for the peculiar line from between the commencement of the 
admission line and the steam line. It is a sort of combination which is both 
unsatisfactory and expensive. The visible point of cut-off, as our writer 
terms it, at D, equals almost exactly one-ninth of the stroke ; while the 
point of cut-off, supposing the valves were tight, or accordijig to the quantity 
of steam used in the center of the expansion line, is shown at E, is lG-45 of 
the stroke or plus one-third : in other words the engine is actually using more 
than three times as much steam as is shown by the indicator diagram at a 
casual glance and without the ajiplication of some test to determine it. This 
is readily shown by the very great height of the termination of the expansion 
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line above absolute vacuum. The cutting off of thirty-two pounds of steam, 
where we ahotUd have fifty-fire pounds, with ft terminal preesure of twelve 
pounds above the atmoapberic line, ia eleven pounds too much at the t«iniu- 
natiou of the expansion, and m just about in that ratio to the econon 
of steam, as is shown in this case. 



LESSON LV. 



THE CORLISS OR MODERN COMPOUND HIGH DUTY PUMPTNO EKGDH. 

Figs. 114 and 115 are from tbe Corliss Pumping Engine at Pawtucket, 
R. I. It has been running ueveral years in charge of one of the most intelli- 
gent and painstaking of engineers, Mr. Johu H. Walker. 

Fig. 114 is from the high-pressure cylinder, 15 inches in diameter, 30 
inches stroke, making 47 revolutions per minute, scale 60, steam pressure 132 
poundu, Corliss upright boilers being used, 130 pounds are realized on tbe 
piston and the steam line ia carried as straight as ia possible to the point of 
cut-off. Vhe expansion line is a marvel of beauty and eorrectnefis ; therelease 
is early and the exhaust into the receiver shows a commencement of ten 
pounds receiver pressiu-e and a terminal of eight pounds, there ia very little 
rise in the pressure in this cose. The admission could hai'dly be better. Tbe 
demonstration in this case precludes the possibility of drawing the theoretical 
line a portion of the way, as the lines would pass one over the other. Tptj 
little compression is used ; that, for some reason unknown to us, is one of Mr. 
Corliss' ideas, to work with little or no compression. There is a very slight 
difference between the apparent cut-o£f and tbe theoretical, but it is so ex- 
ceedingly slight as to be almost unworthy of notice from a critical stand- 
point. 

115 ia from tbe low-pressure cylinder of tbe same engine, the cylinder 
being 30 inches in diameter, 30 inches stroke, running 47 reTolutloua per 
minute, scale 12. 114 is from the front end of the high-preesiire cylinder, 
and 115 from the back end of the low-pressure cylinder. From the ten pounds 
in tbe receiver, we have nine pounds initial pressm'e, gradually falling off to 
seven pounds before tbe close of the valve, expanding to seven and one-half 
pounds below the atmospheric line. The condenser takes hold at twelve and 
one-half pounds, the maximum vacuum being about thirteen and one-batf 
pounds, or very nearly approximating to the theoretical. The demonstratjmi 
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ti this case shows a very close approximation of the actual to tlie theoretical, 
taldng iiito account the lowest pressure from the initial and the point of 
cut-ofl'. 

This engine has been running some eight years, and these diagrams were 
selected fiom the regular indication of each day. Comparing the two dia- 
grams one with the oilier, the high-pre^isure gives about the highest possible 
eEfect of steam, and the low-pressure gives almost the maximum efBciency 
of the receiver pressure for the distance which it is carried. We have, there- 
fore, a very fine result economicfllly, and through the courtesy of the engineer 
we are furnished with the following facts fi-om his regular log-book, which 
has been carefully kept every day since the engine was dehvered to the Water 
Boai-d. This engine was originally built to supply the town of Pawtucket ; 
since that time they have added a very large mileage of pipe and a large 
amount of water to the supply, so that the pujoping engine is nowfumiBhing 
double what it was originally intended to do, and this over a very scattered 
area of teiTitory. The engine is now nmning, November. 1884, twenty-four 
hours per day, the actual amount of coal consumed is 216 pounds per hour ; 
Wilkeabarre egg coal ia used, which costs !S4.35 per ton of 2,000 pounds, 
screened ; the amount of ashes is nearly twelve per cent, and when we say 
216 pounds of coal per hour, this is the actual amount of coal fed into the 
fui'nace, no allowance being made for anything. The pumps of this engine 
ai-e now working under a head of 272 feet. The high-pressure diagram 
figures 72.658 horse-power, the condensing cylinder figures 65.398 horse- 
power, making 138.066 ; the variation between the two ends is very trifling. 
Taking the coal which is actually consumed we have 1.57 pounds per horse- 
power per hour ; taking the combustible we have 1.39 -|- pounds per hour, per 
horse-power. Taking the cost of the power in dollars and cents, calling all 
coal, we have 3.4 imlla per horse-power per hour, while if we figm-e the com- 
bustible, we have the cost of one horse-power, per hour as 3.02 mills. 

The duty under the Board of Experts' test, was 133,522,060 foot-pounds 
for one hundred pounds of cool. Mr. Corliss took exception to this, and de- 
nominateii it the "humbug" teat from the fact that allowances were made. 
An abaoluft tent made afterwards by the same Boai'd on Mr. Corliss' basis 
gave it a duty of 104,357.654 foot-pounds per hundred pounds of cool, and 
this duty has been somewhat exceeded in its regular everj-day wprk, while 
in charge of its efficient chief. The duty from the time of its start, January 
Slst, 1878, to the 6th of November, 1878, was on fuel consumed to pump. 
106,234,300 foot-pounds. In June 1882, the engine was stopped for inspec- 
tion and the piston rod in the low-pressure cylinder, where it passes through 
the plunger in the pump, was found to be so coiToded by the action of water, 
that it was necessary to have a new piston-rod. This was the first repair 
made upon the engine. The duty of the engine for the twelve months ending 
January 1st, 1883, was 113,439,331 pounds of water raised one foot high with 
a hundred pounds of coal, counting all coal used with no deduction for ash 
r dnders. 
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It has been a most gratifying success, both in economy, durability, lack 
of repair bills ; and the diagrams show if not the highest, certainly a very high, 
economy considered from any point, taJdng advantage of no technicalities, 
allowances or possibilities. These diagrams may be studied critically, in 
comparison with those in some of the preceding lessons, where compound 
engines of foreign builders are compared, and with favor to Mr. Corliss, upon 
grounds of absolute fact, with no assumed allowances of any kind. 
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LESSON LVI. 



Diagram Fig. llC is one wbicli is somewhat peculiar in reaiiect to an ex- 
cessive cushion. It is taken from one of the new Buckeye engines, running 
222 revolutions per minute, with a steain pressure at the moment of 92 
pounds, scale 50, Thompson improved indicator. 

In justice to the engine we will say, the party in ctajge was partial to the 
three-way cock for indicating, and Fig. 116 was taken from the same engine, 
with not the least change of valves from Fig. 117. Let the reader compare 
the two outlines. 

In this case, A equals the vacuum line, B the atmospheric line, C boiler 
pressure at the moment of taking, D highest prewsure by compression, E 
point at which the exhaust valve closed on the return stroke. In this case, 
the exhaust valve closed at about 3^ inches before the end of the travel, and 
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although the engine was exhausting very freely, in fact, without any i)er- 
ceptible back preasme on the indicator, it will be seen that at the point F, a 
httle more than a tiuarter inch from the end of the stroke, the compression 
amounted to 113 pounds. From F, the rest of tlie stroke, there appears to 
hare been a slight leak, a portion of which was undoubtedly m the indicator, 
and some of it may have been in the piston or valves of the engine, so that 
from the point F the pressure falls away to the acgle indicated by the dotted 
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line G, From this augle it will be noticed that tlie pressm-e continues to fall, 
while the engine hud passed the center and the indicator had commenced to 
move again in the direction of the outwaid stroke : G indicates the point at 
which the crank paBsed the exact center of the return stroke, aud commenced 
its outward stroke ; meanwhile the steam pressure slightly drops until H \a 
reached, which give us between 87 and 88 pounds initial ; from H to I the steam 
is carried, and at I the steam valve commences to close. 

The peculiar angle formed by the line dropping from its highest point, F, 
is caused bj a fall of pressui-e while the engine completes the last portion of 
the stroke, the angle in the line F, H, shows the precise jwint where the mo- 
tion of the engine changes, and after the motion has changed the pressure 
still continues to fall, showing that the valves of the engine were in a splen- 
did coutUtion and were tight. At H we have the first real evidence of the 
steam valves opening, and the st«am line crosses the compression line, making 
the steam line H I. Here we have another most interesting example of th«i 
efiiciency of the cidicator when correctly applied, and its lines correctly read 
from the diagram. In many cases such a compression line would be at once 
called an early admission Hue or "taking steam too quick" — but such is not 
the case. 

Now, to analyze the diagram for efficiency, we will coumience our demon- 
strations by the line K, the actual pressure at K gives us au absolute cutting off 
of the presaui*6 of steam realized at C, J, so that while the valve commences to 
close at I, apparently it becomes closed at J, or very neai'ly so ; from J to K 
the theoretical cm-ve runs slightly above or outside of the actual curve of the 
inatmment ; from K to L, the point of commencement of release, the theo- 
retical line runs slightly under the actual line of the instrument. The release 
is most escellent, and it commenced under about twelve pounds pressure. 
making a veiy cleai' exhaust and commencing to compress or cusliion. too 
early and making the loop. The particular feature of this loop is a very con- 
siderable shock to the engine ; in fact, there is quite too much compression, 
and if the engineer will reduce this compression by one-half, his engine will 
sail over the center much easier, and without so much wear and tear on the 
connections, brasses, etc, The boiler pressui'e in this case is very hand- 
somely realized, showing that the makers of the engine have made considera- 
ble improvement in proportion and motion of their valves. 

Taken all in all, the admission and expansion, release and exhaust lines 
of the diagram ai'e excellent, the compression is no fault of the design or 
mechanical part of the engine, if the compression is reduced to less than one- 
half the amount shown here. The engine will do m^re work witli the same 
steam, and will regulate better without any doubt. It is ]iot policy to com- 
press twenty iwunds above the initial pressure you are working with j it does 
not make the valves last any longer, or work any easier : it causes entirely 
too much strain on the brasses and connections, and is bad poUcy every way. 
The dotted line M, fi'om the line J to the vertical line at the end of the dia- 
gram, gives the volume of the cylinder filled with steam, simply for tlie pur- 
pose of computation. 
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TMa lessoQ is a moat complete demoustration of the lack of reliability of 
the three-way cock attachment, when used to adjust the valves. Fig. 116 
was taken, close coimectioD, on each end of the cylinder, only one end shown. 




LESSON LVH. 



THREE-WAY CONNECTIONS FROM SA31E ENGINE AS LESSON LVI. 

The old way of side pipe and three-way cock atill exists. It is entirely 
useless for adjustment of valves or for any other than approximation to 
power, position of valves, or realized prensure. 

The reader will find food for thought in carefully comparing diagrams, 
Figs. 116 lind 117, with each other — both were taken from the mane engine, 
with no sort of change except the side pij'e and three-way cock were used in 
Fig. 117 and token off in 116, the spring of indicator being changed to suit 
the increaeed boiler pressure in 116. 




Figure 117 waa taken from a Buckeye engine, made by the Buckeye 
Engine Company of Salem, Ohio, nine inches ihameter of cylinder, fourteen 
inches stroke, Si.'^ revolutions by the counter, eighty-five pounds of steam in 
the boiler, throttle valve wide open, scale of spinng, forty, Thompson im- 
proved indic-ntor. This engine was on exhibition at the American Institute 
Fair, New York, and ia one of the Buckeve Imin-oved. The makers Imve for 
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the past year been makiug diaugea. with a view of impro-ring the economy, 
the regulation and the action of their engine. 

The engine was running electric lights, and this will plainly tell of any 
trouble in regulation. The iliagram 117 was taken upon one of our own in- 
dicators, but it has just this defect, it was taken by a three-way cock in the 
center of the cylinder, a thing which we disapprove of, from the fact that it 
introduces inaccuracies. The steam had entirely too much water in it. but 
that should nut be taken into account against the engine. 

The application of the theoretical curve to the diagram shows a very good 
action indeed of the valve, and we have taken the higheeit pressure realized 
at the moment of impact, and it will be noticed that the theoretical curve 
follows down post the center of the stroke, almost on the actual line of the 
instrument- Below the center or half-stroke, as the motion is changed from 
fast to slow, the actual line of the instrument rises somewhat above the theo- 
retical. This may be caused by the change in the pressure and the amount 
of water present ; it probably is not any fault of the valves. The action of 
the valves on this engine is certainly very good. It is one of the best 
Buckeye engine diagrams we ever saw, and if the improvements are up to this 
quality of work, the engine will do better work than ever before, and give the 
best results. 

We have only made the theoretical curve upon one of the cards. There 
are several points in it to study, particularly the action of the steam valve in 
taking steam, the difference in compression aa between the two ends. This 
short diagram was made use of because we refused to take a diagram from 
another instrument of greater length, which does not show the oscillatiomj in 
theespansion line, and makes quite a difference as between the compression 
shown by the Thompson. "We would call especial attention to the serrations 
or fluctuations in the expansion line, which show the most delicate action of 
the indicator — and the variations caused by rapid expansion and changes of 
temperature, pressure, etc. 

These diagrams bear close examiuation, and are a very close appronma- 
tion to the theoretical expansion, bearing in mind that the position of the 
valves and their action as to motion are erroneously shown by that attachment, 
which should be prohibited everywhere — a three-way cock and long side pipe. 
[See lesson LVI in connection with LVII.] 
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LESSON LVm. 



mGH COST— LOW ECONOMY STEAM YACHT COMPOUNDS. 

Fig. 118, H. P., 119, L. P., are a pair of diagrams from one of the rich men's 
fancy yachts, more expensive than fast. 118 is the high-pressure diagram which 




Fig. 118. 




Pig. 119. 



came to us without any atmospheric line ; 119 is the low-pressure diagram : 
the scale of the high-pressure being fifty to the inch. TVe have assumed the 
dotted line as atmospheric line in Fig. 118, at slightly an excess of the realized 
pressure on the low-pressure diagram, which is sixteen per inch. We have 
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twenty-six pounds realized pressure on tlie low-pressure cylinders ■, on the 
higli- pressure cylinders we have made no demonstration, from the very fart 
that we aie not certain of our data, and at the beat they are as wretched 
diagrams as were ever taken from anything in the shape of a steam engine. 
Those who are interested will understaud that a link motion is used, but it 
must be a sorry link which makes such a use of steam as is shown in the steam 
line of the solid-drawn diagram. lu Fig. 118 the admission line commenced 
very well, but when the steam line begins it is a cuxious line : really there is 
no cut-off to it, the expansion line is a fearful one, and not economical or cor- 
rect, and is convex instead of concave, and when it comes down toward .he 
release, the line instead of being an expansion is turned into saw-teetb. Like 
most compound engines, the exhaust line is considerably higher in the center 
than at the commencement. This is all natural enough, but when we turn to 
the dotted line on Fig. 118, we have, if anything, a worse line than the solid 
line in the diagrom ; a peculiar jump about the commencement of release we 
are unable to account for satisfactorily to ourselves, but which is probably 
caused by low-pressure cylinder valves. 

If the party who took the diagi-ams had been careful to draw in his at- 
mospheric line, we should have been pleased to make a demonstmtion. We 
have drawn in the atmospheric line at about what we supposed it should be 
drawn, and this gives ua full initial pressure 105 pounds, as the throttle valve 
is wide open, and the link full, scale fifty. On the low-pressure card we have 
something more to work by, for in this case the atmospheric line is properly 
drawn in by the instmment, scale sixteen, link up full, speed in both cases 
126, wide open. Here we have an impact initial pressure of twenty-six pounds, 
a vacuum of about nine pounds. The cut-off is very well defined in the solid 
Hue and less so in the dotted. We have made two demonstrations here, one 
with the dotted line and the other with the solid line. The dotted line is to 
ascertain whether the steam expands under the generally conceded theoretical 
law after expansion apparently commences. The solid line shows what ought 
to have been done at the actual pressure at the point of cut-off which is visible. 
We start with a pressure of twenty-three pounds ; at a little past half stroke 
it runa down to 13^, and the diagi'am line of the indicator shows that the 
valve closes. The dotted line shows that the valves were practically tight. 
for the pressure falls away triflingly, if we take the conunencement of release, 
or just prior to that point, as the basis of that computation. But if we t^e 
the actual preasui'e before the valve becomes positively closed on the line, we 
find that the general ratio of expansion is closely on the theoretical, under- 
standing always that there will be more variation in the link motion than in 
the positive eccentric and lever or rock or wiper motion. Now, if we use our 
sixteen scale as a rule, we find the sohd line from which our demonstration is 
made to be twenty-five inches (call it) from the commencement of the stroke. 
At this point 13J pounds of steam were cut off, having been reduced in press- 
ure from twenty-three, and carried, we will say, twenty-five inches. Now if 
the pressure had been realized it would have required only eighteen inches, 
cut off at twenty-three pounds, or, in other words, it would have requii^ 



TWENTY YEARS WITTT THE INDICA TOR. 183 

1 18-25, or two-tlurds, practically, the amount of Hteam it did require. The 
high-preBsure diagi-am is uboiuinable, and tbe use of steam iB without aiijr 
sort of economy, the pressui-e drops rapidly both on high and low-preB8ure 
cylinders after the valve gets open. lu the low-preseure cylinder there may 
be Bome excuse from lack of volume, or pressure varying in receiver, but in 
the high-preaaure cylinder it is choked or wiredrawn by insufficient ports or 
pipes. 

These engines were built in 1883. It is. perhaps, needless to say that 
tbia ia not the fastest yacht in the world by any means, and whoever the 
builder may be, lie need not consider himself particularly flattered with thia 
kind of result, if economy is to be considered at all. 



^^^^ ANO' 

^V We hear so much of the economy of some of the new ocean steam- 
^ps that it will do us much good, perhaps, to examine Bome of the 
results of the work of the engines, and for that reason diagrams. Figs. 120 and 
121, from the high and low-pressure cylinders of a compound engine are 
introduced ; the high-presBure cylinders of which are seventy-two inches di- 
ameter, sixty-sis inches stroke, fifty-four revolutions, seventy pounds boiler 
pressure, scale thirty-two. The same letters apply to the same lines on each 
for comparison. On tlie high-pressure diagram steam is cut oflf at about 
18-49 of the stroke. Starting with a boiler pressure of seventy pounds, E, 
aiid do not get within seven pounds of it on the piston. There is very little 
approach to an expansion line, and no one can tell where the valve closes 
from the appearance of the line. In fact, there is no marked feature of it to 
show where any expansion takes place. 

The steamer in question has been built several yearB, and is not by any 
means the fastest or the most economical now afloat ; she was built to ac- 
complish a certain purpose and has done it, but she Lita never been economical 
with fuel to the extent that some of the more modem compound engines have 
3Gn except by remote approach. 

Making a the base of oui- computation, give us B, E, point of cut-off and 

Dlome, reference lettei-s the same in both diagrams. From B, the preasure 

pven at a, the line F shows ub what power should have Iwen exerted and where 

B Bteam should, under ordinary conditious, have been cut off and expanded 
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ANOTHER OCEAN 8. S. COMPODND ENGINE. 
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It will he Keen that tlie boiler pressure is not realized, cut-nff is entirelv 
lacking in clefiuiteness. and the eud of the f xpansion ia considerab]_T aboTe tbut 



point which the lurtuiil pressure at ( 
clearly that there is either a veiy radical errt 
is hardly probable, or if ive look at the lo' 




Fig. !M. 



from the cut-off B. E, showing 
in the indicator motion, which 

■pressure cylinder, or that the 
Talve ia slow in closing, or 
that the rolye leaks, which is 
the most probable reason of 
all, for we are certain that the 
valve closes slowlv — from the 
course of the line. The liigh- 
preasure cylinder exhausts 
under a pressure of about 
eleven pquudtt to stait, at th« 
center it is fifteen, and at the 
couimencemeut of compres- 
sion it is almost fourteen. 
The admission line is a, little 
late in the opening of the 
valve, and the rounding over 
at the comer is not of neces- 
sity due to the link motion 
which was used, but rather 
to some little give or play, 
iir what is usually termed 
lost motion. We cannot con- 
sider this as a very econom- 
i-.'ol diajTant, there is too 
much loss in i-eolizing the 
boiler presaure, and a wire- 
drawing of the steam, (if 
tight valves) and the eshaust 
of high-preasure cylinder into 
receiver is fully as high as it 
should be, and much higher 
than the low-pressiu-e util- 
izes. The expansion line is 
not nearly as good on the 
high as the low-presaure 
cylinder. 



Taking the low-presauro card made at the same time, E representing the 
initial pressure from the high-presaure cylinder or receiver, a. the base line, 
gives ua B as the volume of cylinder at which the valve should have closed to 
have made the pressure at a. and in this case we have a tighter valve and a 
very much better condition of circumstances, showing but exceedingly trifling 
variation as between the theoretical and actual, taking the pressure at a from 
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Ivhich to make our demoastration. In tliia case the preesure is a variable 
quantity. chaDging from one to theotlier cylinder iu esliaustiiig and the acceler- 
ation of speed of the pistou, as well as ia condensation, which may take place 
in the passage or in the receiver, bo that we loae somewhat in the low-presa- 
ure cylinder from what should be the initial pressure if we had received the 
whole eleven pounds from the exhaust of the high-pressui-e cylinder, paaaiiig 
through the ports and into the low-pressure cylinder. We, therefore, get, 
only nine pounds realized, and lose again before cutting off about four pounds 
more, expanding below the atmospheric line ; in this case we have ten 
pounds vacuum in the condenser to start with, and this is held very well 
until more than two-thirda of the stroke has been made. 

Here is an answer to those people " who do not believe any cushion can 
be obtained in the low-pressure cylinder ;" if not, then what makes the com- 
pression in tliJH diagram f It commences to compress at about 7-4S of the 
stroke, say one-sixth. The admission line is very square, and the adnussion 
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and carrying of steam in the lower-pressure cylinder is better than it is into 
the high-preasui-e. The expansion line and the theoretical line very nearly 
coincide through the major part of the distance from pressure at base line a, 
showing conclusively that the valves in this case do not leak and that the dif- 
ference in the high-pressure diagram (probably taken by the same motion) 
cannot be in the motion but is in the valve. A decided falling off from 
pressure that under the circumstances should hardly be allowable, and about 
two-thirds the Aocuum that should be realized is obtained. 

We do not know the precise percentage of coal this steamer is now 
burning, but it was very largely in excess of some of the later steamers at the 
last time we knew of it. The lower-pressure cylinder is 120 inches in 
diameter, sixty-six inches stroke, fifty-four revolutions per minute, scale 
twelve, pressure variable. It may interest some of our readers to figure the 
power in these diagrams from the data gi\'eu. The low-pressure cylinder 
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cuts off at about 17-15 of the stroke, Btarting with an initial preeBure of | 
pouiidB, cutting off at a pressure of a trifie over 4^ pouuils \ the commence- 
ment of release is four pounds under the atmospheric line, whlcli Hhows a 
very good grade of expauaiou. But we must not expect perfection iu these 
large engines, although we might probably attain higher results of duty than 
these partieulai' diagrams show. The principles of adoption are the same — 
economy, speed, etc., — as nith the stationary engines. There is plenty of data 
here to figure from, and it would be interesting, for those who care to take 
the trouble, to solve the points of ratio of expansion, the amount of wat«r, 
power, etc 




Fig. 122 is trom the first engine of a new builder for the especial purpose 
of electric lighting. The data is: Boiler pressure 70, spring -10, diameter 
10§. Htroke 12 inches, revolutions 115. 

To attempt to demonstrate all the faults in this engine would be to do 
work which should have been done by its designer and builder ; for this we 
have neither the space nor the disposition. This is evidently a very bad imi- 
tation of a well-known engine. Taking ini t i a l preaaui'e, seventy pounds 
boiler pressure ; to economize room we have traced the dotted line card, show- 
ing the same engine under a little different load. We have fifty-six potmda 
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initial pressure out of seventy. This in itself ^vill coudemn the engine, pro- 
viding the connections are free. The engine Bttti'ta o'f with a round instead 
of a square comer between the admiaaiou line and the steam line. Witli an 
initial pressure of fifty-one pounds, gradually rising tu almost fifty-five, and at 
about the poiat where the cut-off appears to take jilace. we find between forty- 
five and forty-sis pounds of pressure, having' fallen off ten pounds in cairy- 
ing steam four-tenths of the stroke. The engine commencea to release with 
a pressure of seventeen pounds on the piston, releases very well, but does not 
get down in the exhaust to the atmospheric line; compression starts at rather 
more than half the distance that the steam is carried. The compression line 
here may have been shaken up by a poor foundation, but more probably by a 
constant changing of pressure in the compression in the solid line card, but 
in the dotted line the compreawion line is a very queer one, and the little 
hook at the extreme end, with the x^eculiar formation of the steam line, in 
starting on to take steam for the stroke, shows that the valve does not open 
as wide with a light load as with a heavy one. Notice that the steam is cut 
off at a very much lower pressure iu the light load, proportionately, than the 
full load, on the larger diagram of the two. Wiiatever makes the funny jog 
in tlie dotted line ou the expansion line after cut-off, or whether the steam is 
carried to that point of the indentation and then the cut-off actually takes 
place, we are a little at a loss to tell from the appearance, and the card has no 
value iu an economical way. 

The diagram is very uneven, and contains so many faults that we have 
not cared to give the time to a demonstration on the expansion curve. This 
engine would be most deciiledly lacking in economy; whatever its regulation 
may be we do not know, but it was evidently built by some man who has not 
progressed into the new style of valve motion, for the valves do not travel 
correctly nor far enough. "Whatever their proportions of ports may be we do 
not know ; one thing is sure, it is too small, either by insufficient opening of 
the valve by the action of the regulator, or by insufficient ports and passages. 
Such a diagram may do fairly at 11.') revolutions per minute ; what would it 
do at 250 or '275, the usual spned of the engine of which this motion is 
evidently a copy t 
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LESSON LXL 



EFFECT OP BPKED ON REALIZED PRESSURE IN THE CTLINDBE— A 
LESSON ON FEED PIPES. 

In Figs. 123, 124, we liave valuable iufomiatiou in reference to oue of the 
most important, least-attended to details of steam engineering. Both these 
diagrams are taken from the same engine, under tlie same conditions, except 
with reference to apeed. Fig. 123 is fi'om the engine in ita regular work. 
Cylinder diameter 34 inches, stroke 60 inches, revolutions 50 per minute, 
boOer pressure 69, scale 40, condensing. We find G2 pounds of iuitiAl preaa- 
ure realized. By the demonstration, with A as the base line, we find the cul^ 
oflf at D, C, The theoretical cuiTe, it will be seen, follows the expansion line 
exactly, covering it from a short distance beyond the line D, which is quite 
sufficient for the putpose of demonstration, showing that the 62 pounds st«un 




pressure cut-oflf at D, would make precisely the expansion line, making a moat 
effective working of the steam ; and for determination of the oue point of 
particular interest in this lesson, viz., that the feed pipe in this case was 
amply sufficient to supply that engine at that speed, doing that amount of 
work. In our own practice we would prefer to have had the exhaust Tal*e 
open sooner, as at F, in order to allow the condenser to sooner realize the 
vacuum. In this case, on the opening of the valve, about four pounds ia 
realized, while, were the valve opened slightly earlier, ten pounds ought 1ji 
have been. If the exlmust valve opened sooner, it woidd liccessarily close 
sooner, and we should have an approximation of the compression line to that 
of G. 
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In Fig. 124 we have the same engine rmming 68 revolutions per minute 
for some especial work requii-etl; at the time of taking the diagram, we have 
73 pounds of boiler pressure. In this diagram, 124, it will be noticed that 
the admission line is a trifle late, the initial pressui-e realized iw 72 on the 
veiy commencement of the stroke, or before the piston gets into motion; 
directly the motion of the piston commences to increa.se, the pressure falls 
away veiy rapidly, so that at the 
point of cut-off we hare only 58 
pounds. The demonstration in 
this case shows that the pressure 
falls very rapidly indeed, fi'om the 
commencement of the movement 
of the piston until at the point 
where the theoretical curve and 
the actual line of the indicator 
touch, just above the letter D; 
there was 20 pounds less realized 
pressure than at the commence- 
ment of the stroke, lea\-iiig 52 
pounds effective pressure on the 
piston only. 

The demonstration in this 
case, made from the point A. gives 
the cut-off on the line C, from 
which the theoretical curve is 
dropped, exactly following the 
line of expansion from the inter- 
section of the two lines to the 
point which is the base of the 
demonstration. Upou continuing 
this line, the terminal pressure 
will be found slightly above, show- 
ing that a volume of steam, equiv- 
alent to the full pressure, on the 
line C up to the line between B, D, 
was used to effect this. In the 
case of this movement, we fiud 
that the supply pipe for this en- 
gine, which was sufficient for 60 
revolutions, is entirely insufficient for 68 revolutions: and we also find 
another feature at the terminal of the expansion line, viz., that a very much 
less vacuum is obtained, and none at all until after the piston has returned 
several inches on its stroke. The maximum vacuum is ten pounds; the first 
quarter of the stroke eight pounds only is realized ; the second quarter nine, 
the third quarter ten, and the cushion commences on ten pounds. Had 
the exhaust valve been tuned earlier, as recommended for 123, we should 




Fig. 134. 
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ha-yei obtomed the dotted Ime E or some approsimation to it. and the Aoftm' 
lino F, aa a realized vacuum, which would have ailded materially to the power 
of the eEgine and also in the saving of steain. Allowing the alteration to 
have been made in the time of the exhaust valve, we should also have obtained 
the compression line G and have compressed to 35 pounds, saving exacUj 
this amount of live steam in opening our steam valve upon 35 pounds instead 
of nothing. This shows the necessity of a proper supply, and that the supply 
pipe must be proportioned to the speed at which the engine will travel, and 
that unless tliis is done some such change in matters will occur as that shown. 
Should 123 call for a much larger load, the supply pipe in that case would be 
insufficient, for it must he understood that after the piston goes a proportion 
of the stroke in its travel, it calls for steam very much faster than when it first 
starts. In this case, 123, the pressure is somewhat reduced, and if the engine 
were required to cany three or four inches further we should probably find, ii 
a less degree, the same features attending the steam line as in 121. 
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ANOTHER LESSON ON SUPPLY PIPES. 



Changing the circumstances as much as possible to make the appHcatiOB 
more forcible, we have taken Fig. 125 of the high-speed class of engines bdI 
running under fully as much load as the builders recommend. This is taken 
from an Armington &. Sims, 14^ inches diameter of cylinder, 13 inches stroke, 
running 246 revolutions per minute, boiler pressure 92 pounds, scale 60, in* 
dicating about 125 horse-power, fed with a six-inch steam pipe. The realized 
pressure is 83 pounds, the steam is carried 150 feet from the boilers through 
several elbows. 

The demonstration in this case by the line A, parallels B B. gives the 
point of cut-off at B C {for clearness the ordinate is not drawn), C represent* 
the steam line, its cut-off is very sharp. The oscillations in this diagram sre 
refeiTed to in previous lessons, and the point of cut-off and the following of 
the theoretical curve is through the intersecting points of the lines d d which 
ai'e drawn at six different places in the expansion line. It will be seen In this 
case, that the variations in the line of expansion of the instrument vary bnt 
very slightly from the actual passage of the theoretical line, and tliis approxi- 
mation is so close that the drawing of the theoretical curve would simply con- 
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fitse. The conuueDcetnent of release at the point E compares well with the 
compreeeioD F, but if auythiug the compression is slightly lai'ger in propor- 
tion to the stroke than the release, and iu a high speed engine this is some- 
what a necessity. The exhaust line varies only in the least possible degree 
from the atmospheric lino of the instrument until the exhaust valve closes at 
F. The compression line has the same wavy appearance that the expansion 
line has, but exactly reversed in effect. We have a compression hero amount- 
ing to 60 pounds when the steam valve opens and the admission line is 
formed. 

The amount of power yielded by this engine is large, when we take the 
Toluuie of the cylinder into considoratiou, but is not its maximum power when 
we take its speed into consideration. The adiuissiou and steam lines are very 
square ; the cut-off is very clearly marked and all the linos of the diagram 
gfive a high efficiency, which has since been proved by tirial of the engine, and 
in comparison with Figs. 123 and 124, it will be seen that a very large pipe 
for the volujue of the cylinder is required as the speed is increased. The 
efliciency of Fig. 125 is above 90 per cent, and shows good sense iu coimec- 
tioQS, aa the outline, in itself, shows very satisfactory work with the steam so 
far as valves and engine are concerned. It is probably in three eases out of 
five that we find too small feed pipe, and in entirely too many cases too small 
exhaust pipes as well. Both of these points work against the efficiency of the 
engine and whenever efficiency is involved then economy is certainly less than 
it should be. The comparison Iwtween the three diagrams 123, 124, 125 will ■ 
be interesting on this x>oiut of feed pipes, realized or lack of realized pressure. 




^^^^^9" TWMNTYYBAR^ITH THE INmCATOR^^^^^ 


^^^^P LESSON LXm. ^^^ 


LARGE CTLINDER, LOW-PRESSURE ENGINE ON A SOUND STEAMER. 


Fig. 12G was taken from the Btearaer Provideuce, one of the Old Colony 


Steamboat Company's Sound Bteamers, running between New York. Newport 


and Fall River. The cjlinder is 
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alt, and if the compreBsion wexe increased Rliglitly we believe it would make 
the engine run steadier, but this matter of release, vacuum and compression, 
ia so entirely a paii of the engineer "s fancy, that so long as the engine runa 
quiet, they do not mind it, and so few of them are furnished with indicatorB 
that they really have to run the engine by their eye and ear, which is not 
exactly to the credit of the owners, nor in all cases to the owner's profit. For 
some unexplained reason there ia a difference between the right and left-band 
iliagrams. It may have been caused by a little variation in the steam presB- 
ure between the times of taking from the different end of the cylinder, or 
what ia much more likely to be the ease, the bottom or left-hand very likely 
opens the valve wider, and it certainly opens it a tiifle sooner than the top 
end or right-hand diagram. The upper line represents boiler preasui*e i the 
approximJl!ion is very close indeed on the bottom, and the amount of pressure 
realized on the top end is maintained very nicely, and for that reason we sup- 
pose it must be that the valve opens a trifle lat« and does not open fully. 
Practically the diagrams are very fine. 

Few people have any real idea of the amount of power involved in aueh 
diagranie. Ei'ery pound of mean pressure ou this engiue at the speed it was 
running at the time these diagrams were taken, gives 117^ horse-power, the 
piston traveling 408 feet per minute ; figuring these diagrams, we find the 
top end yields 277]|.1-13 horse-power, while the bottom end gives 2747,209 
horse-power; a little difference in the ends makes a very large difference in 
horse-power, and also makes a very considerable difference in the economy of 
the run. We have no data to give us the exact coal consumption of this ship. 
The release on the bottom at E ia hariUy as good as upon the other end of 
the cylinder, the realized vacuum at F being eight pounds only. The engines 
of the Proridenoe are fitted with the Sickles cut-off, and show a veiy decided 
contrast in closing with those using the rounded wiper cam, and decidedly to 
the advantage of the engine. 




LESSON LXrV. 



LARGE LOW-PRESSURE ENGINE. ANOTHER SOUND STEAMER. 

Fig. 127 was taken from the new steamer Pilgrim of the Old Colony 
Steamlioat Company's New York and Fall River Line, after she had been run- 
ning a few months. The dimensions of her engine are, cylinder 110 inches 
in diameter, length of stroke 14 feet, speed at regular duty 17 revolutiona 
per minute, or 476 feet of piston travel per minute \ the area of the piston ia 
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9S03.34 inclieB, giving as a result 137.078 hoi-se-power for each pound of n 
pressure. The diagram is taken with a 24 spring. 

The line C represents boiler pressure at the moment of taking, which is 
43 pounds. The deraoustratiou In this case is made ou the bottom eml, from 
the base line A, using the parallels B B, showing the point of cut-off on C, 
at the intersection of C D. The expansion line, it will be noticeil, inina down 
very closely to the actual line of the instrument after the valve gets entirely 
closed. That there may be no miaunderstauding with reference to the line 
D, it may be explained that the intersection of D with C shows where the 
realized pressui'e should have been cut off to produce the amount of power 
from the pressure at the poiut A. As a matter of fact the steam valve did not 
close at the line D, for the pressure, it will be seen, di'ops away six pounds 
between the line C which is realized pressure, and the dotted line of the in- 
dicator, showing the difference between the indicated pressure and the boiler 
pressure at that point of six pounds. After the piston passes this point, the 
diagram plainly shows that more steam eutered the cylinder, so that the 
volume which entered was sufficient, had the pressure been realized, to have 
equaled the effect of the full pressure of 43 pounds, cut off at the intersection 
of CD. 

We think the valves of this engine might be improved with profit to its 
owners. To get an idea of the distances represented by these indicator lines, 
the release opens on the bottom end, expansion line, eight inches before the 
piston gets to the end of the stroke, and if it opened still sooner it would be 
better, for after the piston passes the center, we only realize about four pounds 
of vacuum, and this is increased until ten pounds is realized. Wlien a pound 
of mean pressure means almost 150 horse-i>ower, every pound of the vacuum 
has a value iu dollars and cents worth looking after. If the release of this 
engine could be made slightly quicker, say ten or twelve inches, so as to be 
wide open by the time the cylinder reaches the center or extreme limi t of the 
stroke, then the condenser would sooner get hold, and gave a greater effect 
for vacuum. The exhaust valve commences to close so that compression 
begins 25 inches before the piston reaches the bottom of the cylinder. In 
taking steam, notice the rounded comer where the Eulmission runs into the 
steam line; but this very slight difference on this engine means Sji inches that 
the piston moves before the steam reaches the highest point iu the cylinder. 
We have now 42 pounds of initial realized, while at the point of cut-off from 
the demonstration we have only 36, terminal pressure at the commencement of 
release is ten pounds above atmospheric. This valve is alow in its opening 
and most decidedly too slow in its closing, with I'egaril, at least, for the engine 
or the economical handling of the steam. 

The top diagram we have made no demonstration from, leaving it with- 
out any confusion of lines for a close study, and it has some points of superi- 
ority over that of the bottom. Its admission and steam lines are decidedly 
better -, the release is not quite as quick, and the compression is not quite as 
much. Excepting the steam valve on the top end, all the valves of this e 
oould be quickened with benefit to it and its work. To get a proper idi 
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the advantage of liaiidling these valves poirectly, we have onlj to refer to the 
amount of power Bhown by the diagram in Fig. 127. The bottom end bUowb 
4935. G79 indii^uted horse-power, iviiile the top eud taken with an intenmssion 
of one minute or two, Bh(>WH44i3. 479 horse-power. AVheuive come to handle 
5.000 horse-power of steam in a 
single cylinder and with a single 
steam and exhaust valve, it be- 
comes very necessary to be cai'eful 
in the adjustment, not only for 
the ei^onomy of steam, but as well 
for the wear and tear of the en- 
gine. Compai-e Fig. 127 with 
Fig. 126 ; the steamer Proi,-idence 
makes the bewt use of steam, being 
fitted with the Sickles cut-off and 
the Pilgrim with the Stevens. 
These cylinders are very large and 
the more perfect the adjustment 
of the valves, the finer work and 
consequently higher gi-ade of econ- 
omy will be produced. All these 
engines are fitted with the old- 
fashioned side-pipe, indicator cook 
in the nuddle, and we hope some 
day steam engineers will progress 
out of this absurd, incorrect and 
misleading notion. The day has 
gone by, when the width of a 
man's thumb will do in adjusting 
steanr machinery, and the interval 
of time on au engine making only 
17 revolutions per minute, or 476 
feet of piston speed in that min- 
ute, which is required for the 
steam to pass through into the 
indicator, is quite misleading as to 
the actual iKtsition of the valves. Compare Figs. 116 and 117, on a small, 
quick-running engine, notice the difference in position between the three-way 
cock and the ilii'ect attachment, and multiply that difference by the difference 
between the I'tinch cylinder and the 14-feet cylinder, running 17 revolutions 
instead of about 225. In all these steamship diagrams, it has been absolutely 
impossible to get a short connection with the end of the cylinder, so as to show 
the actual position of the valves. 
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AN OVERLOADED ENGINE. 

Fig. 128 waa taken from a. Buckeye engine in the wire mills of a large 
steel works. Diameter of cylinder is 16 ineliea, stroke 32 inches, 95 revolo- 
tions per minute, 100 pounds boiler pressure, scale 60, indicating 240 + 
horse-power. 

There are only two objects to be attained by showing such a diagram as 
Fig. 128; the first is to show the eicellent handling of the steam by the 
valves on an engine indicating 90 per cent, more than it was ever intended by 
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the builders, taking the rating of theengine at 125 horse-power and adding 90 
per cent, to it ; the other reason is to show how extremely inconsistent the 
owners of steam engines are in askiug a load equivalent to almost double its ' 
rated power. Out of a hundred pounds boOer pressure, the engine has an 
initial realized pressure of 96 pounds, cutting off between 95 and 9G poimds 
pressure at the actual point of cut-off from the demonstration. The theo- 
retical curve in this case follows the expansion line almost exactly, and it is a 
wonder how the engine relieves itself in exhausting from a terminal pressure 
of 46 pounds above the atmosphere, and yet the engine exhausts with a back 
pressure of about two pounds. The terminal pressure is almost exactly 
identical on both ends ; there is an extremely small variation by the plantm- 
eter in the area of the two ends, and taken all in all, it may be considered as 
a first-class accoraplisbinent in doing such a large amount of power. It is a 
credit bo the builders, but no credit whatever to the owners of the machine 
who will abuse a good engine like this. 
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The practice of overloading is becoming too common. A number of veiy 

' bad accidents liave occurred within the pn^t few months, and eteam engine users 

may bj-and-by become accustomed to the rational use of an engine and the 

proper care of it as well. 



LESSON LX\a 



HARRIS-CORLISS ENGINE, OVERLOADED— FINE CARD. 



Fig. 129 is taken from one of a pair of HarriB-CorliBS engines, running in 
tile Exposition Cotton Uills, in Atlanta, Oa. Some repairs had to be made 
















Fio. 129. 

upon one side, and the other side in producing this diagram, drove the fol- 
lowing amount of macliiuery: 4 pickers, 99 cards, 288 slubber epiudles, 
1,320 fine speeder flpindles, 11,400 Bpinning frame sjiindles, 306 looms, eix 
spoolers, four warpers, with bruKher, folder and press. The size of the 
engine ia 24x48, speed 77 revolutions per minute, scale 40, boiler jiress- 
nre 83. 

The production of this diagram is a credit to the engineer in charge, as 
I well as to its builder. The engines had been in operation for nearly three 
' jeara at the time this card was takeB. It will be seen that the steam press- 
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ure realized m fully up to boiler preaaure 1 the credit of this ia due to i 
fact that now steam pipes have been put on l)y the present ageat, and t 
engines are not at all thi-ottled. The engine in this case is doing about two- 
thirds of the work of the inill with one side, and is starting with 83 pounds 
of realized pressure, the cut-off closes ou 77 pounds, showing that the esb's- 
Drdinary denumd for steain is much better met than lu the average suppW 
pipe, or that the capacity of the feed pipe ia fully up to a large increase ot 
load over the regular power of the engine, when both sides and its regular 
load ai'e ininuing. The expansion line by the demonstration shows but au 
exceedingly trifling variation at that point, and the terminal pressure ia almost 
absolutely correct, A little earlier release would, perhaps, avoid the email 
amount of back pressure shown. The compression is sufficient to keep the 
engine working smoothly and the steam line ia practically correct. 

This is OS fine a diagram as we may expect from practice, and in this 
particular case the engineer of the mills has given a great deal of attention 
to the adjustment of valves by the indicator, which has been baclied up by a 
good mechanical knowledge and ability, as well as good common Rense. The 
horse-power is 390.2509, This is another case of overloading by reason of 
necessity, but it is not in excess of the ability of the engine to do it very 
ically, and coiTectly as well. The ends of the engine vary less t 
e-power in total amount of load,' 
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THE LATEST TKIPLE COSIPOUND STEAM ENGINE. 

The diagrams in this lesson ai-e from one of the latest specimens 
marine, triple compound engines, having a high-pressure cylinder in the center 
with a compound fore and aft. The liigh-pressure cylinder ia 71 inches 
diameter, six feet stroke, running 70 revolutions per minute, boiler pressure 
110, scale iO. Fig. 130 ia from the high-pressure cylinder, to which J, I, 
represent respectively the base line of owe demonstration for the top and 
bottom diagi'ams respectively. The line C is that of initial or realized press- 
ure, D is the line <)f boiler preasui-e, A, B are respectively the points of cut- 
off, A for the top cylinder, B for the bottom, their intersection with the line 
C, marking the point at which realized pressure was cut off practically, to 
complifih the pressure at J, I, respectively, at that jwint in the stroke. 
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top diagram of tliia engine is somewliat peculiar, and the line A, wliiclt is. 
properly speaking, tte volume of Bteam from H to A, ■wliic'i ivaa used in tte 
botkim of tbe cylinder, ia in tbis caae used to show where the valve wsa Bup- 

k posed to cut off from the staff of the engine ; it is found by the demonstration 
io be entirely misleading, as the terminal pressure is 13 [lounds below the 
real theoretical line, or below the actual point of cut-ofT from the steam con- 
Bumed. The line A then becoqiea the volume of the cylinder from H to A, 
Thich was actually used at the initial pressure C to accomplish the result 
which is given by the actual line of the instrument, the steam and expansion 
_ lines of which are shown by dotted liaes. The motion of the valve ia a little 
late in admission on both ends, the bottom carries steam farthest and iic- 
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complisbes the most work, the top end cylinder's pressure falls off more than 
in the case of the bottom, and the actual line of expansion from B. G shows a 
near approximation to the line of the instrument on its expansion from the 
time when the two lines run on nearly together ; on the bottom end the line 
•Approximates reasonably close. But what shall we Bay to the loss of press- 
'tire, which is 13 pounds] between the initial and the boiler pressure, and 10 
pounds betweeu initial and the line of the indicator at the point of cut-ofT, or 
S3 pounds below the boiler pressui'e at the point of cut-off on the top ; on the 
bottom end 30 pounds is lost from boiler pressure and 17 from initial preas- 
ore at the point of cut-off. The average pressure in the receiver from the 
high-pressure cylinder is from 22 to 21 pounds above the atmosphere. The 
power developed by the bottom is 5449.5 boree-power, by the top 5054.61 
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off boOei' pressure at the mteraectiou of the two lines with D, it would have ' 


added to the Lottom, all other being the soine, 1184.675 horse-power, with the 


same espenditure of steiim, and to the top would have added 1693.64 horse- 


power. Tliid gives then au idea of the efficiency of the engine. The relesBe 


is excellent, and we have some doubts 
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diftjrrams from several minor points, 
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and we believe the conditions under 
which the engine ia working would 
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be more reliably shown by an im- 
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proved indicator ; these are the same 
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features shown in a previous lesson. 
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where a couti-aat is shown as between 
the old-fashioned instrument and the 
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new Thompson. 
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Fig. 131 is taten from the for- 
ward low-pressure cyliitder 105 inch- 
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es in diameter, six feet stroke, 70 
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revolutions, spring 16. In this case, 
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D represents the receiver pressure 
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from the atmosplienc line 23 pounds ; 










the top end oi this cylinder renl- 
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izea 17 J pounds, which (alls off at the 
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point of cut-off to 15, whde the bot^ 






V 


1 
\ 1 




torn end only realizes 16 pounds, 
falling off at the point of cut-off to 
IS. Both ends of this cylinder real- 
ize much better tlian the average 
low-pressure on the compound ; ow- 
ing to this the vacuum falls to ten 
pounds at one-fifth sti-oke and to 12 
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pounds at the end of the stroke, or 
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before the exhaust valve ia closed. 
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A, A' aie the base Unes. B is the 
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point of cut-off on line of realized 
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pressure for the top. B' for the hot- 


torn end of the cylinder. The bot- 


tom end ehow« 4102.98 horae-power, the top end shows 4401.92 horee- 


power, with a very couaiderable loss between the realized preBHure and 


the preaeui-e in the receiver as Bhown by the higb-pressiu'e diagram. 


Fig. 132 ia from the aft low-pressure of compound, cylinder same size as 




considerable increase of power and a much better realization of receiver-press- 


ure on the top end than on the bottom, aa the top end. when the valve is fully 
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bottom end of this cylinder ia considerably later than the eteam valve for the 
top end. The point at which eteam was cut off ia a httle longer on the bottom 
than un tlie top, but the top end of the cylinder makers the- beat use of the 
The release in thia case is early, ao that a good vacuum ia obtained at 
{he reij commencement of the stroke, which is held all the way through. A 
very couaiderable loss is made as 
between the realized aud theoret- 
ical from the pressure at A, A', 
which would amount to some hun- 
dreds of horae-power. The dia- 
gram from the top of thia cylinder 
givea 4675.25 horsepower, from 
the bottom 4528.68. 

There is one point with refer- 
ence to the compound cylinders 
that must be noticed: the practice 
is becoming vei^ common of run- 
ning the low-pressure with the 
highest vacuum that can be ob- 
tained. In this case the tempera- 
ture runs from 230° to about 120°, 
uud it is fair to suppose that a 
certain amount of condensation is 
effected every time the cylinder ia 
filled with steam after having ex- 
hausted through the condenser. 
There may be serious questions &8 
to the real efficiency of the com- 
jjound engine canied to an ex- 
treme : and undoubtedly there is 
a serious lack of economy in work- 
ing steam as these three diagrams 
show, as compared with the ex- 
pense of maintenance, and we 
doubt somewhat whether thia style 
of engine will veiy long continue. 
The power given out by the boilers 
in the high -pressure cylinder, in- 
cluding the loss in handling the steam and the resistance in the receiver, is al- 
most 9,000-bors6 on each end. That which is used in the compound cylinders 
makes up a large volume, and the condenser increases the amount realized, but 
whether this cannot be done by some other combination is a question which we 
believe engineers shall soon study, and that the key for successfully running a 
large ship which requires from 12,000 to 14.000 horse-power, as does this one, 
^L liea in changing the proportion of the compoimd engine materially as between 
^vttte different cylinders, and realizing more heat units with loss refrigeration. 
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There must be a way of using steam muc.li more ecoDomically than t 
by these ligiirea, which are from one of the very latest of marine engines that 
have not yet made their full record for economy or speed, but which have 
shown, a very lai'ge power : we have not been able to ascertain the relativs 
efficiency or the actual economy when measured by pounds of coal. 



LESSON LX\TIL 



GEBMAK BUILT CORLISS COMPOL^ND ENGINE. 

Figs. 133 and I3i ^ere taken from a Corliss compound engine t 
the Augsburg Engine Company, Augsbui-g, Germany, at work in a npinning 
mill in that neighborhood. The information is from a series of experiments 
made by Prof. Schroter of Munich, but the diagrams which we illustrate we 
obtained direct from the director of the company which built the engine ; no 
tracings were made use of. but original diagrams. The engine has horizontal 
cranks at right angles, fitted with n Sulzer valve gear, having a horizontal in- 
termediate receiver placed below the cylinders and at right angles to them. 
The high -pressure cylinder is jai^keted with live steam from the boiler to the 
admission valves. The low-pressure cylinder jacket is supplied by a branch 
pipe from the main steam-pipe, the high-pressuie cylinder cannot be shut off 
but the low-pressm'e can. The expansion in the small or high-pressure 
cylinder is regulated by the governor, while the point of cutoff in the low- 
pressure cylinder is adjusted to any varying point by hand. The air-pump 
is a horizontal, driven by bell-crank below the engine-room floor. The diameter 
of the small cylinder reduced to inches, is 14.57 ; large cylinder 24.07 ; pro- 
portion of cylinders 1:2J ; clearance of the high-pressure cylinder 4.3 per cent.: 
cleai'ance of the low-pressure cylinder 3.1 per cent.; volume of receiver ex- 
clusive of clearance 11.548 cubic feet ; volume of the receiver to thg volume of 
the low-pressure cylinder 1:1.10 : revolutions per minute 71.29 ; meau piston 
velocity 444,5 feet : stroke 37.4 inches. Reducing motions were used, made 
of pulleys, fixed at either end of the guide opening in the fmme, on the hob 
of which a small drum was placed to give the indicator baiTel proper motion. 

The professor in charge of the test remarks that when the valve gear of 
steam engines are »o arranged as to prevent a loss of pressure, he finds an 
increased economy of twelve per cent, in the result, aod this was taken from 
two pairs of engines indicating about 300 hoi-se-power, and his basis i 



basis ia mads 
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a an actual test instead of any theoretical compaiison. The deduction is 
also brought oiit that when the change of volume between the receiver and 
the low-preBHure cylincler ranges from 0.2 to 1.2 times the volume of the large 
cylinder, that a mean volume of receiver e*iual to that of the low-pressure 
cylinder is the most ftdvautageouM. In the original, the metric system is used 

a all dimensions giving 
IS fractious of inches. 

Diagram 133 on, as near- 
ly as practicable, a 32 scale, 
a rather handsome 
compression, good admis- 
sion, a peculiar little jog in 
the commencement of the 
steam line, but the realized 
pressure starts off at eighty 
luds, closes on the line 
B with 70 pounds. The 
exptuiaiou line, based upon 
the pressure at the line A, 
s veiy closely indeed 
until past the middle of 
the stroke, when theiudica- 
ted pressure expansion line 
slightly exceeds the theo- 
retical or broken line. The 
terminal pressure is about 
the limit of eipnnsion, and 
eiver gives a press- 
ure of 9 pounds to the 
square inch in the exhaust 
at the commencement of 
the stroke, which increases 
3 about 11 pounds at the 
midille of the stroke, and 
this pressure is very near- 
ly continued to the com- 
Y^^ 133 mencement of compres- 

sion. Taking the low 
pressure cylinder ou Fig. 134, its tartsoffwitharealized pressure of 10 pounds; 
basing our demonstration on the pressure at the line A, we find the cut-off 
to be at the intersection of E B, at which point the jiressure has fallen about 
thi-ee pounds. The theoretical and the actual lines run on very nearly togeth- 
er, showing remarkable efficiency of the expansion, but a considerable loss ia 
realized from the receiver of the pressure given out by the receiver. The 
vacuum realized is II pounds at almost the commencement, and nearly 12 
pounds at the commencement of compression. 
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We may judge from these diagi'aiuH that the efficieacj of the lire sts 
jacket is vei-y considerable, aud yet the same argumeut as in the case of the 
large compouudB coiues up in this question, the outside of the cylinder is 
heated with live eteam and the inttide ia changed a liimdi'ed degrees or more 
by the difference between the realized ateaui pressure and the vacuum ob- 
tained at each utroke. There is a 
somewhat cimous theory advanced in 
the lengthy report originally made 
upon this engine, which is embodied 
in the following, referring to the exatrt 
proportion ae indicated by two differ- 
ent diagrams : '' a phenomenon which 
goes far to disprove the necessity for 
employing complicated steam-distribu- 
tion apparatus to attain nice lines in 
diagrams ; and that the day is not far 
distant when a good distribution, by 
means of slide valves, will be preferred 
to any of the modem forms of releas- 
ing geai's." 

The illustrations Figs. 133, 134. 
show us distinctly that there is not 
that perfection attained in this so- 
called Corliss engine with some otlier 
kind of a valve gear, as will be found 
by the simple Harris- Corliss in Fig. 
129, or the Corliss modem compound 
in Figs. 114. 115. The fact wiU not 
liave passed from the engineering fra- 
ternity who ai'e familiar with steam 
engines, that slide-valve gears, which 
have given the utmost perfection at- 
tainable in the nice indicator diagram 
lines, lately existed in the Uuit^d 
States, but that these engines never 
showed an economy to compare with 
the Corliss, when economy of fuel, the 
minimum of repairs and the maximum 
of durability were all thi'ee items con- 
this combination the Corliss valve gear, up to a reasonably 
even in marine service, when propeily cared for, has out- 
f valves that has so far been applied, while the 
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aidered, and in 

liigh speed and even 

stripped every systei 

slide-valve gear referred to has passed out of use commercially. The feed 

water per hour as given in this report, with a steam jacket in use, is 14.T04 

pounds of feed ivater per hour, per indicated horse-power, but many facts 

embodied In American tests are not reported. Some changes were made in 
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volume in the receiver which are unimportant here. Token all in all the 
(Uagraius show very good working of steam, but nothing which would induce 
us to abandon the Corliss valves, or prefer the suggestion in the report upon 

I, of the adoption of the alide-valve in preference to the liberating valve 




LESSON LXIX. 



MISTAKE IN THE SI OT ION- RESULT. 



Fig. 135 shows a result not to be desired. This was taken from an 
' Armington & Sims engine, where the parties hail trouble, and the trouble was 
iu getting more pressure in the cylinder than they had iu the boiler, a con- 
sequent reaction which was not particulai-ly desirable. A is the base line of 
the demonstration, B the volume of cylinder filled, E boiler presaui-e, 80 
pounds, scale 40, C atmospheric line, D absolute vacuum, theoretical line J. 
The release in the diagi'am takes place a little before letter J, and directly 
under J the expansion line crosses or falls under that of the return of the ex- 
haust wliich is slightly above atmospheric pressure. The valve apparently 
begins to close at about half stroke on the exhaust, carrying the compression 
up very rapidly, and at the point F the compression crosses the line of boiler 
pressure passing up to G which is 15 pounds above boiler pressure. Here 
the amount of pressure does not increase any further, but the piston continues 
its travel to H. at H at the end of the travel of the piston, the pressure falls 
to I, where the steam valve e^-idently commences to oj>en, and allows the 
pressure to pass out, or to equalize itself in such a way that the steam line is 
not shown as it ordinarily is made by this engine. 

It will be seen at the very outset, the point of cut-off, B E, by the demon- 
stration, is practically inside of the real line of the instrument, but oulj for a 
very little way. The theoretical line K passes through the line of the instru- 
ment at a trifling advance beyond the line B, falling below it, while before we 
reach the demonstration line A, the theoretical line is above the actual line of 
the indicator. It tben passes below it before the release, after release it 
barely touches the expansion line on its return. 

This is a very curious diagram, for the readings are, to a certain extent, 
negative in every du-ection. What was the reason ! At the left of the diagram 
we have drawn the whole cause of the trouble. These makers use a pendulum 
with an arc of a circle from which the cord is led direct to the indicator. In 
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this case, we found tlie arc o( the circle reversed, or tlie upper dotted line in- 
Btead of the lower shaded line, the point L being in either case the pullej which 
receiTed the cord from the motion. There is not a single correct line on the 
(Kagrnm -, the motion is distorted precisely in proportion to the reversing the 
arc of a circle, as shown. M being the center, the cord being led in the angle 
of the dotted line instead of, as it nhould have been, from below M or the 
shaded portion. 

Upon adjusting the motion the diagram assumed its normal appearance, 
and entirely different from that which is shown. The question may arise in 
figuring such a diagram as this by the planimeter, what to measure, from the 
fact that there are negative quantities at each end of the diagram. We hav6 
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therefore drawn two arrows, one on the expansion and one on the compression 
line, to show the direction which should be taken. Locate the planimeter 
properly, start at the intersection of the line at F, follow the line in the same 
direction that the pencil of the indicator followed it ; starting at F follow the 
steam line down the expansion line in the direction of the arrow, at J cross 
the expansion line, come up, again recroHS the expansion line under J, follow 
the exhaust and compression line in the direction of the aiTow, cross F up to 
G. to the right to H, down to I, then down to F. This will give you the 
area less the negative qusntiticH or resistance. Now as the negative quantities 
increase the length of the diagram, the total length from the extreme at I to 
the other end at the left of J, must be taken into the account, so as to get Uie 
correct ordinate which, reduced to the scale, is the mean pressure. 
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F DEraCTS WHICH ARE SHOWN BY THE INDICATOR. COMPARISONS. 

Tlie various adaptations to which the indicator can be put, the certainty 
of the readings, if properly interpreted, the different defects which may be 
pointed out with absolute certainty, are very frequently lost sight of, more 
especially when, as has been stated in this volume previously, this particular 
part or adjustment, or indications for defects, has been kept Jn the hands of 
men who have not uuderHtood it any too well themselves, and Lave not been 
fully conversant with the details of the machinery which they have attempted 
to criticise. 
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Take Fig, 136, and taking away the theoretical dotted line D, almost any 
engineer or engine builder would pronounce it a vei^ fine-looking card, but 
the purpose of this volume is to give information. We must, therefore, 
resort to our demonstration, and, if we take the base line A, the scale of the 
diagram being 30, we find we have above absolute vacuum, a pressure of 19 
pounds plus. Upon making the demonstration, we are rather sui-prised to 
find that the point of cut-off is located at the intersection of B, C, the dis- 
tance from the left-band vertical line to B, representing the volume of the 
cylinder in comparison to the whole length of the stroke, which was filled 
with steam at the initial pressure of 40 pounds, or absolute pressure of 54 
plus. 

Taking B as ouj- starting point, and our readers must not forget that 
these are two different problems in geometry, the first problem closes with 
the erection of the point B, C, we then adopt the second problem, which is to 
lay out the hyperbolic curve, by the means alreadv described ; this gives us 


1 
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the long-dotted line I>, which it will be seen starts 10 pounds 
the aetuul line of the indicator as it croBsea the line B, gradually Bear- 
ing the actual line of the iudic^itor at A. and shortly after crossing 
below the actual line of the instrument. We find that the end of the 
expansion line, which is under the atmospheric line is three pounds, a^'tual, 
above the theoretical, or 13 pounds above the absolute vacuum, instead of 10 
aa it should be. There are several theoretical questions which enter into 
this, that it is not our purpose to discuss, for they have little bearing upon 
the practicability of the application of the indicator or its readings. Our 
demonstration is based upon the fact that the expansion line in the cylinder 
is entirely settled at the point A, or about half-stroke on the expansion ; or. 
in other words, that it is less liable to be disturbed here. Now, the point A 
is a positive fact, and If steam expands, according to Marriotte's law, or 
Regnault's demonstration, or Joule's experiments (and these are acknowledged 
as approximate to the fact) then the actual pressure at A gives the point B C, 
as where the initial pressure of 40 pounds should be cut o£f and expanded, 
according to these different authorities, to produce the pressure at A. In 
this case the point A is higher on the expansion line than it should be if the 
steam had been properly cut off previous to B, showing that something must 
have occurred while the piston traveled from B to A, which admitted steam 
into the cylinder after the cut-off valve closed, as is shown by the indicator 
line. Now, this may be admitted in so small an amount as to apparently Iw 
imperceptible, and the demonstration la the only way of ascertaining what 
does occur. In this case, the steam was admitted after the cut-off valve ap- 
parently closes, but in such a small amount that at A it is sufficiently high 
above what it should be, to throw the point B forward on the line C, and the 
other end of the expansion line quite corroborates this, the sequel proves the 
correctness of the application. When the engineer who submitted the liia- 
grams to us, was allowed an opportunity to take down his engine, he found a 
bad leak under the eteam valve, so much so that he had to draw-file the end 
bearing of the valve, or shoulders of the valve, to let down upon its seat, and 
to stop the leak, which was visible when the cylinder head was removed. 

The old-fashioned way of taking the terminal pressure and working back, 
would be a very wrong practice in connection vrith this diagram, and there 
need not be any confusion in the minds of any of the readers of this work, 
who correctly apply the demonstration to any diagram, if the few simple 
directions are followed which are so plainly given. It will at once settle the 
fact, that something is wrong, without stopping to experiment. 

If, now, we take up the case of another aeries of comphcations. defects 
and conditions not desirable, we will refer to Fig. 137, the scale of which is 
40, steam pressure at the time of taking, 82 pounds. This was a new engine 
built to rim 83 revolutions, and was sent to us from several hundred miles 
away. The actual diagram is reproduced -, A representing the base line of our 
computation, B the point of cut-off at which the initial pressure C of 50 
pounds was equal to cutting off in the amount of steam used to produce the 
pressure at A. Had the theoretical line F been run to the boiler pressurs 
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liue D, it would liave show-n that the use of about one-third the amount of ^^H 


steam, properly cut off, would have performed much more work, if it had ^^H 


not Ijeen for other defects, of whirh we shall shortly speak. The diagram, ^^^H 


in this case, shows on it» cut-off and expansion line, an exceedingly close ^^^H 


approxiiuatiou to the side of an ^^H 
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In this case, we find the ex- ^^H 
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treme terminal about in unison ^^H 
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higher. But the main feature now ^^^| 
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is. the trouble in getting rid of the ^^H 






exhaust steam, one line is dotted ^^H 
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and the other is solid ; they have ^^^| 








both a peculiar hump, showing ^^^| 
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either that the exhaust passage ia ^^^| 
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what is more apt to be the case, ^^H 


^B and what we at once decided when ^^H 


Bnbmitt«d to ua, that the steam from one end of the valve parsed into the ex- ^^H 


haust about the center of the stroke, for a brief space of time, increasing the ^^H 


back pressure. A variety of theories were advanced, one of which was that the ^^1 


valves were not tight, but would in time wear down to a seat. ■\\Tienever an ^^H 


Laurineer finds tliiH kind of a diagram, the shortest wav out is to abandon the ^^H 
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poaaible. It is so eiceedingly estravagant in its uae of steam for the O^^^ 
amount of power, and considering the fact that it was intended ae an aut^ 1 
matic cut-off engine, that it is unworthy further attention, its only purpose of 
introduction being that it is an incident in jiractice which may be valuable to 
some one in trouble. 

An the best way to judge between bad and good pi-actice is by com- 
parison, we introduce into this lesson another diagram, which was not taken 
by the Thompson indicator, partially to show the expansion line, about whiiJi 
more or leaa argument has been made among indicator makers for the last few 
years, and also to contrast it, with the circumstances all stated, with Figs. 136 
and 137 in this lesson, and the foui- succeeding figures in the next lesson fol- 
lowing. 

Diagram Fig. 138 is an exact reproduction, taken from one of Oeorge H. 
Corliss' steam- jacketed new pattern engines, boiler pressure 76. 30 inches 
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Fig. 188. 
meter of piston, 72 inches stroke, 54 revolutions, 40 scale. This engin 
■ing a flour mill in the City of New York, has been running 3^ years, ab 
hours per week, and from six o'clock Monday moi-ning until six o'clocl 
blight Saturday night, the throttle valve is never closed. The engine 
Qdhig about 1400 barrels of flour every 24 hours and its weekly 
aunts to 143 hours each week. The indicated horse-power is about 
P. We have 66 pounds initial pressure out of a boiler pressure of 
line A is the base line of the demonstration which gives B D as the po 
ut-off on D. or the volume of the cylinder represented by the dotted 
) m proportion to the whole length of stroke, as that portion of the ey 
which was filled with steam at initial pressure to accomphsh the wc 
ring the demonstration from A B, by means already described, we have 
nte a, cr, a. etc, showing the exact line of the theoretical in compari 
L the actual. The Ime D is drawn triilingly above the actual line of 
rument, or nearly two pounds above, in order to show the actual recon 
indicator ; for that reason, a sUght difference is made in the position 
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the lines, sLowiiig tlie points tlirough which the theoretical curve nms, but 
whatever that differeuee uiiiy be, it is so near to the width of a line as to be a 
feature of no possible account in roriatiou, and would be hardly recognizable 
had the hue D been drawn directly through the steam line of the diagram. 

There is no mistake about the work which this engine is doing, provided 
the indicator is correct, and it is hardly probable that any great difference 
exists with the action of the indicator ; but there is a point in connection with 
this expansion line which is treated of in the neit lesson, to which our readers 
will do well to pay careful attention, and that is in relation to the change of 
pressure, volume, temperatui-e, etc.. and whether the expansion line in this 
diagram is an absolute reproduction of fact ; this will be illustrated in the im- 
mediately succeeding lesson. 

With regai'd to adjustment of this engine, little can be said other than if 
we were ourselves adjusting the valves, we should give it a slightly earlier re- 
lease, BO as to let the exhaust line down where it belongs, and this in turn 
would give U8 the fine dotted line fo/ compression, which we should much 
prefer to see. This diagram was not taken with any preparation, change or 
otherwise, but was taken while the eu^e fras at its regular work, and speaks 
not only for its builder, but as well for the care which has been given it by 
the chief engineer. This shows an excee'Ungly close approximation as be- 
tween practical and theoretical, where eveijthing ia in working order, well 
taken care of, doing severe work and running foi practically twenty-four 
hours per day, six days each week. No new valves and no lost time are yet 
charged to this engine. 
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LESSON LXXI. 



AH BXPEHIMENT WITH EflDICATORS ON THE SAMK SSSXj Of TfU, SAME 

CYLINDER, AT THE SAME TIME. WITH THE SAME 

SPRINGS IN EACH. 

Fig. 139 was taken from a 9^x12 Armington & Sims engine, rutaJug 
276 revolutions per minute, 80 iMJunds of steam, 40 spring. The pattern of 
iniUeator with which this was taken, is what is now known as the old Thomp- 
son, with what was practically the Richards parallel motion, or a very mucli 
heavier motion than that which is used on the Improved Thompson of to-day. 
^me of the indicator makers have put out some very curious literature in 
" e way of circulars, showing the defects of each other's indicator, according 
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to the figures which accompany the circulara or pamphlets which have been 
spread broadcast. The esiwriinent which we are to record here, was made for 
the piu'poae of ascertaining what the indicators will do, in actual practice ; 
and we desire at this point to call the attention of our readers to what we 
have very radically differed from many of the engineers, with reference to 
the expansion line of the instrument, and the record which is made by the 
action of the indicator on particular points, and we are glad, therefore, to 
show Fig. 139. At A we have a realized pressure of 76 pounds, at B 35 
pounds, at 16 pounds, at I) 9 pounds, and at E the expansion line crosses 
the atmospheric line, and when the exhaust valve opens at the tenuination 
of the stroke, the pressure rises gradually until about one pound above, when 
it retui'ns across the expansion line at E, passing along, gradually increas- 
ing to F as the valve is closing, iintil at F it is closed, when the pressure 
rises rapidly. This diagram is one of many, ftnd is taken without any par- 
ticular selection. 




We will now refer to Fig. 140, which was taken by another indicator, 
with the same spring as stated above. The two diagrams, 139 and 140, were 
taken on the same stroke of the engine, with the same steam pressure, each 
indicator run by a separate cord, and a slight difference in the length of the 
cards is shown. Tlfc pecidiarity of the two cards is perfectly perceptible to 
any one. In Fig. 140, we start off at A with a pressure of 65 pounds initial. 
At B we have 51 plus, at C 48. at E 27. at F 15, at G 8. A, however, is the 
height of the compression line which falls off to D, rebounds to B, comes 
down to C, during the time that the valve is opening, and then starts off to 
the left, making the first curve in the steam line. The rebound of pressure, 
by the sudden expansion, increase of volume, and the struggle between the 
elements and the speed cany the expansion line below the compression line 
on the card, and when the next fluctuation in pressure occurs, at E, in the 
forward movement of the engine, and the rapid expansion and falling of 
pressure, the expansion Hne crosses the compression line, maldug the second 
wave at D ; dropping to F, it covers, but does not cross, and then advances 
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1, the oscillationa becoming lees and less perceptible, until thej barely 
croBd the atmospheric line at the end of expansion, and come back u^Kia the 
atmospheric line alone until the compression line is made. There is such a 
radical difference as between the two diagrams that one muBt be nearer right 
than the other, and one must be exceedingly far from correct. We have 
settled in our on-u mind that 139 shows the position of the valres. and the 
action of the Bteom. 

But there are other elements to be brought into this lesson. It has been 
upon one pai-t of the indicator-using fraternity, their earnest endeavor to rec- 
oncile all differences of position, all fluctuations of working, to the idea of 
making a smooth cai-d, for which see 140, li2. "We have frequently had cause 
to say editorially, and before different auihences, that we had been unable to 
reconcile all these differences which do take place in the steam cylinder of an 
engine, to the theory that a steam engine indicator must of necessity produce 




the true hyperboUc curve, or the nearest approximation to it, with a correctly 
working indicator. Inferentially we have condemned this as all wrong, and 
believe that the various elements entering iato the expansion line of high 
speed diagrams, if correctly delineated by the indicator, will very much more 
approximate 139 and 141 than they T\-ilI 140 and 142, both as to the position 
of the valves, and actual record of the working of the steam in the cylinder. 
If we take 139, we find from A to B a change of 41 pounds pressure, in 140 we 
find from C to E a change of 21 pounds pressure. If we take the tempera- 
ture of the steam at A on 139, we find it 308.4°, at B it is 25:1.3°, while at C 
it is only 216.3°. Let us now see what the volume in each case is. At A the 
volimie is 377, at B 764, at C 1572. If this were the only element it would 
be quite enough to produce the radical changes shown in 139. If. now, we 
refer to the doited lines, showing the friction load, in Fig. 142, we find there 
a diagram taken with a stiffer spring, which almost absolutely ignores any 
fluctuations in temperature, pressure or volume. Referring to the solid line 
iu 141, which represents the friction card, with the Thompson indicator, with 
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the same spring as 1^2, we fiud tliese cliffereucee veiy elegantly sLown i 
load, and plainly perceptible in the friction card, wliicli is enclosed within the 
other. Both these diagrama in 141 and 142 were taken by preparing for it 
beforehand, so as to throw a break ui>on a pulley, properly connected, raising 
the load from the friction to the amount shorni, in the shortest space of time 
consiHteut with safety to those employed. Now, if nothing except the volume 
and the temperature were to be considered, we have then elements of inmienee 
disturbance, as shown by the figures quoted. In Fig. 139 the volume in- 
creasea in the fraction of a second from 377 to 20,a90 at E ; while in Fig. 140 
the volume increases from 434 to 20.890, and the temperature diminishes in 
the fraction of a second from 308,4" to 102°. But if we refer to Ml". Charlea 
T. Porter's book, entitled the " Richarda Steam Engine Indicator," which has 
been in our possession for fifteen years at this writing, we find the most re- 
liable and best tabulated ilata that we have ever yet had access to, with ref- 
erence to the speed of the crank at different degrees in the steam engine, m 
well aa to the speed of the crank as comiiared with that of the piston. We 




find the following statement with reference to the rotative force 
upon the crank, being the same for equal divisions of the diagram : 

" If the r-;ciprocating parts of engines were without weight, so that tLe 
pressure of the steam was always everted upon the crank precisely as it is on 
the piston, then the rotative force on the crank of the steam pressure would 
be equal for equal divisions of the diagram measured at any part of the 
stroke. This is often denied, and still more often doubted. Being a fact, it 
ought to be placed beyond either denial or doubt. The motion of the crank 
S& supposed to be uniform, passing through equal arcs in equal times, tie 
motion of the piston, on the contrary, is, first, scarcely two-thirds that of the 
crank, being to the latter in proportion of 1:1.5708, and, second, it changes 
at every point of the stroke. At the instant that the crank is on the dead 
center the piston has no motion. Then its motion, at first infinitely slow, 
becomes gradimlly accelerated, until the velocities of the piston and the crank 
are equal, when it begins to be retarded, the ratio of retai'dation increasing 
until on the opposite center its motion has ceased. But whether the revolu- 
tion of the crank is uniform or not, — as in fact it can never be absolutely, 
Bince then the fly-wheel would cease to act as a regulator, and might be dis- 
n-ith, — the motion of the piston has a fixed relation to it, being 
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(if we disregard for the present tlie effect of the angular vibration of the con- 
necting rod) to the versed sine of the angle which the crank makes mth the 
center line. The study of the table of versed sines will explain all about it. 
We will employ the two extremes for illustration. The versed sine of 1° is 
.0001523; the difference between the versed sine 89° and that of 90° is 
.0174524. Therefore, the length of the crank, or of the half stroke of the 
piston, being 1, while the crank is traversing the first degree the piston 
moves the distance .0001523, and whOe the ci'ank is' traversing the ninetieth 
degree the piston moves the distance .0174624, which is nearly 115 times 
greater than the former. The rotative effect of a force varies also as the 
versed sine of the angle at which it is applied. Therefore, the effect of the 
rotative pressure of the steam on the crank while it is traversing the ninetieth 
degree is 115 tunes as great as while it is traversing the fii-st degree, but 
also the piston moves in the former case 115 times as far as in the latter. It 
follows, therefore, that equal movements of the piston, or et^ual portions in 
the length of the diagram, at any pai-t of the stroke, represent equal rotative 
effects upon the crank." 




I "We have made this lengthy quotation, first, because Mr, Porter has so 
11 Baid, and has substantiated his assertion by indisputable fact, and, sec- 
ond, while we are not dealing in this lesson with the rotative force on the 
crank we art dealing with the speed of the piston, and will now drop our 
digression and return to the subject in hand. Added to the extreme range in 
temperature, as well as the tremendous increase in volume, we have now 
another factor which shows us that the difference between the travel of the 
piston through the first degree of the stroke and the last degi'ee of the stroke 
is 115 times; we have then precisely what we require to substantiate our 
own assertion, that if the indicator is to be the exponent, or is to truly record 
what ia actually done in the cjliniler. then it must also record these extreme 
ranges of fluctuation in pressure, volume, temperature, all of which are gov- 
erned by the varying speed of the piston. We have, tlierefore, just these ele- 
ments; referring to diagrams 139 and 141, from A to D, in 139, the speed of 
the piston ia constantly increasing, the pressure of the steam, as shown by 
the indicator diagram, falls very rapidly, the temperature decreases very fast 
indeed, while the volume increases at a tremendous rate ; the speed of the 
engine, being 276 revolutions, reduces the time in which this diagram is made 
to about one-tenth of one second, or that portion of it which lies between 
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and D ia reduced to ^ot& second j^ of a miimte approximately, mora 
rectlj being ^hi'- ^^^ wten we add to this the fact tliat the speed of the pis- 
ton is an ever-Tarying amoimt— anything but constant — we do not hesitate to 
state that while oui' assertion may have been doubted or denied, it ia sus- 
ceptible of proof, and that proof we beUeve ia offered in these elements be- 
yond dispute, if the facta are considered. 

Figs. 141 and 142 were taken with a CO spring to ascertain what differ- 
ence, if any, would be shown aa between two iuatrunienta on the aaine engine, 
at the same speed, with the same steam and spring, and at the same instant 
of time : 141 was taken with the Thompson instrument, with the new or Im- 
proved Thompson, with the light parallel motion. In 141, we have dotted 
the outside or total load and drawTi the friction of the engine, so far aa we 
could do, in a solid line. In Fig. 142, we have been obliged to reverse this 
operation, owing to the fact that the friction croHses the initial. The two 
diagrams may be treated from any standpoint, and only require a careful 
observation to convince any person, who is disintereated, where the actual 
position of the valves and the working of the steam is shown. To our 
own idea 141 shows every element of accuiacy, while 142 shows quite a 
different result for power and position of the valves ; and we njay in this 
connection, perhaps, with perfect propriety, quote again from Mr. Porter's 
book, as follows ; 

'■VIBRATIONS OF THE SPRING. 

" Sometimes at very high speeds, or with very sudden action of the steam, 
the spring of the indicator is put into vibration. If the line produced by 
these vibrations is a wa^-ing line, quite free from angles, this is an evidem'e 
that the action of the iustrument is frictionless, and the mean of the vibra- 
tion gives a ti'ue line." Almost on the same jiage Mr. Porter makes this state- 
ment : " There ai'o no ribrationa or pulsations of steam in the cylinder ; all 
appearances of this kind, on the expansion curve, are caused by the spring of 
the indicator being put into vibration by the sudden action of the steam.'' 

If the librations do not occur whUe the engine is under motion, or if the 
pulsations are not caused by the conflict in the molecules of steam, or steam 
and water, aa well as the different mechanical forcea, then we confess that our 
steam engine indicator had better be laid upon the shelf inatantly, there to 
remain until we can prove that diflerent mechanical forces, acting aa we have 
cited above, are capable of producing a tnio hyperbola by means of a apintl 
apring. Whatever may be the fact with regard to pulsations, we call par- 
ticular attention to the difference in the outline which shows the position of 
the valve, as between 141 and 142, while the differences between 139 and 140 
ore quite sufficient for anyone, however unsophisticated he may be in the 
uses or abuses of the indicator. In our own experience in taking diagrams 
with iliffercnt indicators upon the same end of the engine, at the same speed, 
and under the same conditions, we have found that diagi-ama showing wavy 
lines, figiu'e somewhat less power, and give generally a more accurate idea of 
the working of steam in the cylinder, and that the same indicatoi sJso sooner 
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aspondB to any actual oltei-ation mode iu the valve motion, by ahowing it 
upon the diagram, showing that its accuiiicy extends into this important 
realm of the functions of the indicator, viz. : position of valves, while the stiff- 
workiiig indicators do not show it as soon nor as delicately. 
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EXTREME HIGH SPEED. DIFFERENCE IN INDIOATORS. 

The tendency to high speed has led to some very curious developmente, 
and one of the principal claims of engine builders, as well as indicator 
makers, to-day, is, that their engine, or their inchoator, is the most, if not 
the only, reliable one at high speed. High speed, it has been proved to our 
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own satisfaction, has a limit where efficiency ends and extravagance begins, 
and while we have no puqiose in this article to criticise, we must express our 
opinion so that we may not be placed on record as advocating the speed (at 
which the diagrams illustrated in this lesson were taken) for practical 
purposes. 

Those diagrams were taken in the shop of Armington & Sims, Provi- 
dence, R. I., where they had prepared an engine by increasing the strength 
of some of the parts of the regulator, and our intention was to have carried 
the experiment to 700 or more revolutions per minute. Diagram 143 was 
taken with a Thompson Improved Indicator, No. 2, on small paper barrel, an 
Ulustration of which is given with this, which differs from the larger indi- 
cator only in the size of paper barrel, and some minor changes with reference 
to the stand, the spring and motion being the same as that in the larger 
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instrument. This instrument is nmde with or without the det«nt motiun, 
geuerally nith the detent motion : this is a matter which is invaluable to 
those who ai'e unuBed to high speeds, or are not familiar with the practice nf 



Fig. 144. 

taking indicator diagrams, and it is especially valuable to those who are 
taking diagi'ams from the locomotive. Fig. 143 was taken with this instru- 
ment in April, 1884, at a speed of 536 revolutione per minute, actual "sount, 
the regulator being graduated and adjusted for that point. The reader will 
necessarily have to compare several diagrams, one with another ; for this 
purpose, with the exception of Fig. 149, we have in this article, dotted i 
steam line and drawn the expansion line solid in all the figures. 
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In Fig. 143, it will be seen that the expansion cros.ses the atmospl 
in the vibrations, and returns again, making a very handsome atn 
line, and that the compression line crosses the first or largest inbration, but 
that the steam line is very handsomely shown. Fig. 144 was taken by on 
instrument from another maker ; it will be seen in this case that there ia a 
very great difference between the atmospheric line and compression line. 
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Fig. 143 was taken with a 50 spring, 144 with a 40 spring. Fig. 145 was 
taken with the same instrument as 144, at a speed of 536 revolutions ; there 
being such a difference between 143 and 144 as to position, that 146 was 
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taken with the little Thompson, the spring being changed to 40, the speed 
being increased to 562. It will be noticed here that a change takes place in 
the admission and steam line, which continues through the other diagrams, 
the motion of the valve being shown as a trifle late, the expansion line hav- 
ing its peculiarities, but the record being very clear. The steam pressure in 
146 was 75 pounds. To ascertain what could be done, we again changed the 
spring to 50, the steam meantime having been raised to 95 pounds, and ob- 
tained from this change Fig. 147, with the Thompson No. 2, revolutions 562, 




Fig. 147. 

For the sake of experiment, arrangements were then made to add a load 
to the engine, and Fig. 148 was taken with the Thompson Improved No. 2, 
steam pressure 92 pounds. The peculiarities in 146, 147 continue with 
reference to the valve motion, showing it. a trifle late ; the compression and 
expansion lines are very nearly identical, except that the load is increased. 
Upon 148 we have erected the demonstration from exactly half stroke, the 
line A being the base line, showing the cut-off to be at B, on C, and for the 
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terrific speed at which it ia rmuung, there is a very good showing' for| 
valves aa well aa the indicator. Having ao far determined that the action rf 
the indicator was at least oapahle of eliowing changes, an effort was made to 




increase the speed of the engiue from 56'2 to TOO. the regulator was changed 
as much as it was deemed safe and a start was mode, producing Fig. 149 
with the new Thompson No. 2, at a speed of C42 revolutions per minute. 
Two other cards were produced, and while changing for the fourth one, a piece 
of the regulator which had been made of steel, straightened out by the atrain 
upon it, and we were treated to an example of solid bodies going off at a 




tangent, and the engine was stopped for repairs. The ordinary speed of 
this engine is 320 or 330 revolutions ; the action of the regulator shows 
plainly on 149, with 95 pounds boiler pressure, and an initial of 90:92, the 
load was made constant, but it is absolutely impossible to engrave the 
variations which took place, only a,t the cur\*es in the expansion line. TLe 
intention at the outset of this experiment was to try the three indicators 
Trhicb are in the market ; one of them stopped inside of 400, one ceased i 
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uacy practically at 536, or probably below, while tlie third one made the 
din«[rauis which we have shown, leaving the little Thompeou master of the 
sitUAtton in this experiment. 

We have, since that time, been allowed to teat an engine more for speed 
than anything else, and Lave succeeded in getting very fair diagrania at above 
720, but the action of the steam shows ^tlainly that the engine 'will not 
become a merchantable or commercial affaii', and there is no use in devoting 
space to that which is not practical ; we do not conaider thia lesson as one 
of any particular importance for the student of the indicator, and it is intro- 
duced more as a curiosity to show the restilta of a single experiment, upon 
which we do not place any particular stress, and would not advise auy person 
to buy the Thompson indicator solely upon what is shown in this lesaon, or 
not to buy either one of the other two because of their ill success at this 
experiment. One of the makers of the engine was present and saw all the 
experiment. The intention was fully pui'sued of giving to each instrument 
every benefit and every advantage, and the results shown oi'e, as ueai'ly as 
possible, the actual result of the work of the iustrumentH. We do not, how- 
ever, advise our readers to adopt any such speed, nor do we consider the 
actual indicator diagram at this speed as an unquestioned performance. The 
claim has been made that diagrams have been taken at above 1000 ; while we 
have no reason to doubt the assertions, we consider them simply experi- 
mental, or in the light of a curiosity, and having no possibility of practical 
value, unless it be to gratify a whim, which cannot result in any economy 
to the general steam user, at least with present engines, iudicatora or 
mechanism. 
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RICAN BUILT COMPOCTSD STEAM ENGINE FOR A RIVER STEAMER. 

The question of simple condensing engines, or of compound engines, for 
our river steamers has been one upon which a great diversity of opinion has 
been expressed, and in which the extremes of practice have been worked out 
within the la-st few years. Wishing to get data regarding this, we asked and 
obtained pel-mission to indicate a river steamer's compound eugine working a 
screw, and this steamer is doing the work with about one-half the fuel that a 
condensing beam engine did it, and is one of the fastest steamers for her 
class running out of New York. 
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rig. 150 is the high- pressure diagram, taken with & 50 spring, the cylin- 
der being 30 inches in diameter, 36 inches stroke, making 88 revolutiooa per 
minute, with 85 pounds of Hteam. 

Fig. 151 is from the low-pressure cylinder of the same engine; 56 inches 
in diameter, 36 inches stroke, making 88 revolutions, scale of sprmg 10. The 
diagrams wer» taken at the name instant of time, two indicAtora being used, 
so that they represent what was done on the same stroke at the same instant 
of time. 

through the theoretical curve Q, the realized steam pressure line F, at B- B 
represents the volume of steam actually used to do the amount of work at 
the realized pressure, wbich is 9 pounds less than the boiler pressure E. The 
valve in opening, as will be seen, allows the pressure to drop slowly from the 
line F aft«r the piston has passed but a few inches of its stroke, bo that at 
the point B, on F, the realised pressure by the indicator is 10 pounds less 




; B 


A |b "■"- . 






f^ r 




. D 1 


t 
a 

h 



e 

ti 

t 

1 

a 

b 


Fia. 150. 

lan the realized pressure at the commencement of the stroke. We then fin 
'ter having passed pretty well toward the end of the expansion line, that tl 
xpansion rises above the theoretical to a certain extent. The exhaust val 
somewhat slow in its opening, and the pressure in the receiver at the vet 
ighest amounts to between 11 and 12 pounds. The same general featur 
rill apply to the valves, both high ond low-pressure cylinders, viz., that tb 
peniug of the valve seems to be either slow or insufiBcient, and the pressiu 
radually tb'ops from and after the time when the valve opens, and owing 
lis feature it is also slow in closing, and the amount of steam accounted f 
considerably in excess of that which is generally considered shown by t 
idicator. If we refer to 151, taken with a 10 sc^e, we charge against thi 
yhnder 12 pounds initial pressure, which is the extreme amount shown 
le high-pressure cylinder as back-pressure or between the high-pressure an 
jw-preesure cylinder. The lines I and I' represent respectively the steal 
dmission from the receiver to the low-pressui-e cylinder. If we refer to t 
ne 1 we see that after the steam is first introduced the pressure is kept 
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pounds above the atniOBplieric line C for a very gmall portion of the 

■oke ; that aa quick au tlie Bpeed of the piston begins to increase, then the 

of the steam comiuenccs to drop away, until at the hae B there is 

only 4 pounds above the atmosphere, and at the pomt of visible cut-ofl^ or 

where the valve finally closes, there is only two pounds above the atmoB- 

phere. I', while not making bo good a start, has a pressure of almost three 

pounds at the visible point of cut-off, which is considerably beyond the line 

Now, what hapjjens t When the valves of thia engine commence to open, 

) steam is not admitted in proper amount, owing to its low tension, to fill 

) cylinder at the pressure which exists in the receiver. The moment the 

iton starts to move away from the end of the cylinder — and the motion of a 

iton with a short connecting rod, not more than two cranks, accelerates 



'^^^ 


\ / 
X 


H r) 


L-^^^ 


B 

D 


B- 


"^ 


1 

A 
I 


-jc 

F 




A 


1 


E 







Fig. 1.11. 

ry rapidly — then the amount of steam which is admitted grows leas and less 
is more and more wire-diawu. The steam is cut off at the line B' of tho 
other diagram, as we express it, visibly ; or, that is, the point, almost two- 
thirds of the stroke, where the steam valve closes and the expausion on the 
low-pressure cylinder begins. If we go a step further to the line A', which 
is the base of our computation, we find at that point, only a triding distance 
beyond the point oi cut-off, the pressure above abaolute vacuum is about 14.3 
pounds. Now, had we here cut off the pressure of steam at B to make the 
theoretical line G', we should have used the same amount of steam, practi- 
cally, and have expanded down the line G' without the outlay of a single 
pound of cool more than we ore now using, while on the other side the 
dotted theoretical line O would have cut off at B' and have gone down the 
i^otted line, utilizing the space bounded by H, I, G as eflScient pressure on 
piston, instead of following the steam hues I and I'. This is serious. 
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but we will shortly show liy the figures what would be produced with a pro 
ati'angement of the valTes. The liue D is the vacuum liue on one diagram, 
and D' the vacuum line on the other. It will be noticed there is a peculiarity 
with reference to the vacuum of this engine. We have only 6.2 poimds on 
one end and 7 pounds on the other, or practically 12J inches and 14 inches ; 
the coarse dotted line, F, nho\vs what we should have realized in obtaining a 
vacuum of 12 pounds or 24 inches. These diagrams were token on the ni^ht 
of December 18, 1884, when the water was certainly cold enough to have pro- 
duced a good vacuum, but the proportion of the machinery would not allow 
it. Here, then, we have the difference between D' and F, which should have 
given us 5 poimde more of mean pressure effectually, or of mean effectnaJ 
vacuum more- than we did receive. 

These are the general features and facts with reference to the diagram. 
The engine is well built, well proportioned, seemingly, and the boat is very 
fast and economical. Now, suppose we could improve it in design or in 
execution, what would be the effects In the high-pressure cylinder we have 
in the respective ends 520.25 horse-power on the bottom, and 608.7 horse- 
power on the top ; in the low-pressure cylinder, the actual diagram by the 
indicator figures 389.24 horse-power on the bottom, and 332.55 horse-power 
on the top. If the valves had worked, so that we could have obtained oui 
theoretical diagram by opening the valves sufficiently to feed the cylinder with 
the pressure, cutting it off sUariJy eo as to make the theoretical lines or dose 
approximation to them, and only have obtained the same vacuum which is 
shown by the instrument, we would then have attained relatively 499.46 
horse-power on the bottom and 402.72 horse-power on the top, inoldng a veiy 
radical gain. But if we could make this engine still more perfect in its work- 
ing, so as to admit the steam, cut it off and then ^iroduce the vacuum of 12 
pounds, we shoukl have had a very different result indeed : it woiild then 
have been 683.15 hoi-se-power' on the bottom and 610.29 horse-power on the 
top, or to condense it, the actual diagrams combined show now 852 horse- 
power on the top and 897 horse-power on the bottom. With proper increase, 
it would give 1130 horse-power on the top and 1191 horse-power on the 
bottom, or would make a still further difference of a very large amount in 
proportion to the coal which the steamer burned, if these results were real* 
ized. The receiver pressure is well taken care of by the low-pressure cylin- 
der, but the whole amount of steam is not accounted for as between the high 
and low-pressure above the atmospheric line, and the account below the 
atmospheric line on the low-pressure cylinder should by some means be very 
radically improved. It is quite possible that the ports and passages, and 
probably the throw of the valves in this engine, are all based upon the olden- 
time practice and would, upon careful investigation, be foimd to be too small 
in area or too short in valve travel, and yet, as compared with previous prac- 
tice, this steamer has a splendid record. The only question now is, how 
much higher the record can be made by proper adjustments of the engine. 
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LESSON LXXIV. 



A COMPOUND NON-CONDENSING ENGINE. 

Very frequently diagrams are put before an engineer to ask his general 
opinion, and while there is no information of a positive sort to be gained 
from this lesson, it is entirely within the province of the work to show some 
things with which working engineers are frequently annoyed or expected to 
do work with or against natural obstacles, in their way, which preclude 
economy, regulation of speed, or any other practical result. Referring to 
Fig, 152, we have the high-pressure side of a compoiind non -condensing 
engine, scale 30. This is supposed to be governed by a throttle governor in 
the pipe, which jumps up and down like a jack-in- the-bos ; the dlSerent lines 
here are precisely as the indicator left them. It will be seen that the initial 




pressure of steam entering the cylinder in the highest instance is 38 + ; it 
then vai-ies to 27, and from that down to 18. Notice, that in two of the lines 
an attempt is made to cut olT, and in the other two lines, strange as it may 
seem, initial pressure is below the maximum pressiu-e by several pounds. 
The back pressure amounts to between three and four pounds at the com- 
mencement, and runs down to one and one-half pounds at the moment of 
compression. 

Fig. 153 represents the low-pressure side, running as high -pressure in 
connection with 152. This arrangement was brought about by shifting a 
valve between the cylinders, so as to allow direct steam to enter into both 
ends and sides. The scale of 153 is ten. We have here 13 pounds initial, 
but with an exceeilingly great variation in the action of the steam, commenc- 
ing with a back pressure of two pounds, running up to four, and dropping 
back to three, showing that there is some peculiar action in the cylinder. 
Fig. 153 was taken after 154. 

Figs. A, B, 154 are from both ends of the compound cylinder, and were 
token at the same instant as 152, scale ten. We have an initial pressure in 
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the A end of 7 poiuida, which falls down to I^ pound by a moet peculiar 
line. It then runs along and graduallj increaseii to 2 pounds, and a little 
later to 3^. Whether this obstruction is caused by the peculiar passing of 
the steam through the double-ported slide valve between the cylinders, or 
whether it is caused by the motion of the exhaust valve, we have not det-er- 
mined, not being enabled to examine the inside or working pai-ts of the en- 
gine. The expansion in either case is most peculiar, and the termiual of this 
double expansion line seems to be slightly below the atmospheric, but we 
have the same general formation of the retuxu or exhaust line which passes 
above the line of direct pressure more than ludf a pound, falling back 
again slightly and compressing above the induction pressure. The dia- 
gram, taken altogether, is peculiar. It shows but an exceedingly 
small amount of power exerted upon the piston as the back pressure 
nearly neutralizes the forward pressure. Turning to the B end of the cyl- 
inder, we have, if anything, a worse diagram than the A. The features, it will 
be noticed, are very similar indeed in genend, but there is a little difference 
of outline. The extreme amount of initial pressure is only about five pounds ; 
that barely oontinues for an inch of the stroke, when what we suppose to be 




the expansion line, falls away similarly to that of the A end, resting on the at' 
mospheric line fur an instant of time and dodging away again to a pressureof 
nearly three jiounds at the maxiuium ou the second introductiou of steam. In 
the exhaust, for a very brief interval, the line retuiTia on the atmospheric 
pressure line, then rises very mateiially above the dii'eet steam tint continu- 
ing two pounds above the atmospheric line with only tive pounds of initial 
pressure. It is usually supposed iu compounding that some gaiu is to be 
derived. In this case there is no economy, and what the gaiu can possibly be 
by compounding a high-pressure engiue with another high-pressure cylinder, 
oue side doing eight and one-half times as much power as the other, we can- 
not imagine. The high-pressure side of this engine is doing from seven to 
eight and one-half times the amount of power that the compound is doing. 
We think the idea of high-pressure compouudiug is entirely a mistake, unless 
some very different way of working it out shall be adopted from that shown 
iu this lesson. The movement of the governor was most erratic, and we have 
no doubt, if the diffeient parts of the engine were compared with a correctly 
moving valve motion, that all the ports and steam passages would be found 
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ZKclicaUy differing from good practice, and that the travel of the valves waa 
very iU -proportioned to the travel of the piston. They simply take their 
place aH puriosities, and for information to the working engineer, which, we 
hope, very few of them will ever encounter, especially if they are compelled 



Fio. 154. 

to take charge of them. This engine ia burning more than eight pounds of 
fuel per horse-power per hour, if the data given of the amount of coal burned 
is correct. The diagrams were taken to ascertain certain facts, by the writer's 
hands and indicator. 




LESSON LXXV. 



PlSHKILL-LANniNO CORLISS. 



Fig. 155 was taken from a Corliss engine, built by the Fishkill Landing 
Machine Company, 18x12 inches, ruuniug 63 revolutions, steam pressure 68 
pounds, spring 30. heating a portion of the mill by exhaust steam. This dia- 
gram was taken from an engine in its every-day work, without making any 
changes, as the attachments were made at noon-time. The point was to get 
at the average work of the engine, a-n well as the load upon it. Very little 
need be said of it, other than that the valves of the engine seem to be in ad- 
mirable condition for working, although, for best results, we would quicken 
the action of the steam valve slightly so as to avoid the rounding comer bft- 
tween admission and steam lines, as well as to obtain nearer approximation to 
boiler pressure, if possible. The demonstration on this diagram shows b very 
close approiimatiou to first-class practice. We would prefer a trifle earlier 
release bo as to obtain a little more compression, but, taken all in all, the dia- 
gram gives a very excellent handling of the steam, and shows plainly that the 
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Talvea are fight, and that the vibrations in pressure are taken account of by 
the indicator. The approximation to boiler pressure is but in small measure 
due to the late opening of the steam valve, (61 out of 68 pounds are 
realized) but rather to the i^ooked steam pii>e ivhich has in it more 
or less valves, and through which steam is drawn for dyeing as well. 

If the reatler whould be at all skeptical as to the absolute necessity of 
expressing the clearance on a diagram to obtain the result for which we make 
the demonsti'fttion. let bim add two per cent, to the length of the diagram 
and then make the demonstration. Some engineers and others who have haA 
but little experience with the matter frequently attempt to show that no 
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demonstration is correct upon a diagram without adding the volume of 
clearance, and whether it is guessed at or otherwise, it is necessary. The 
volume of cieai'auce added to this particular diagram will not vary the ex- 
pansion line more than the width of it, and for the purposes for which we 
make this demonstration will not allow the planimeter to discover any differ- 
ence. but if we are figuring for the amount of water per horse-power, or 
steam per horse-power, the clearance is necessary in order to insure the cor- 
rectness, but if we are looking to show what a certain pressure at a c«rtuii 
point will require cut-off at a certain point, to accorajtlish that base line the 
clearance is no more necessary in a computation of this kind than is the read- 
ing of a thermometer out-doors. 
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LESSON LXXVL 



AN OCEAN STEAMSHIP COSIPOUND ENGINE FITTED WITH CORLISS 
VALVES. 



Figs. 156 and 157 are from an ocean steamship, fitted with English eu- 
ginea and EngliHh-bnilt Corliss valves. If we refer first to 16C, the solid line 
iliagram is precisely aa the instrument left it. It is not a diagram that is 
[ileaning to the eye from its general appearance or proportion, nor indeed is 
its mate when divested of the test of its efficiency. These were pronounced 
by Beveral chief engineers to be very rough-looking diagrams, and so the gen- 
eral reader might term them ; but as we ai'e dealing not in proportions, but 
for information, we will apply the teat and see. In the dotted diagram we 
have taken the absolute pressure at A fi'om the abaolute vacuum line D, which 
we find to be 64 pounda. Upon working the demonstration, aa duly ex- 
plained in previous lessons, we find that the realized pressure cut off at the 
point C E, gives the actual pressure at A upon the proper expansion of the 
Bteam. The theoretical line E, which is drawn dotted, shows plainly that the 
same approximation exists in the correct working of steam, as is shown from 
the time the stenm valve gets open at the commencement of the diagram up 
to the point where the amoimt of steam equals the cutting-off at the point C 
E. The theoretical line iu this case follows the actual expansion line for 
(juite a distance ao closely as to avoid any cause for criticism. The departure 
of the line of the instrument from the theoretical line shows plainly where the 
valve commenced to open to allow the steam to exhaust. The release is 
very good. We now come to a point in which there is a radical differenca 
between the valves and thoae of some engines which are shown in this 
volume. 

We find a receiver pressure at the commencement of exhaust of five 
pounds, the maximum pressiu'e is between seven and eight pounds, barely 
reaching eight, while the terminal or comraenrement of compression ia about 
seven. There is a greater difi'erence in the action of this engine with refer- 
ence to the receiver and the high-pressure cylinder in their relations to one 
another, than in that of almost any other lai'ge marine engine diagram sliowa 
in this volume. This steam line falls away but slightly, and we have an 
initial pressure of plus 70 pounds, which falls to 68 at about one-fifth stroke, 
and at the point of cut-off we have 6'2 pounds out of 70, showing that the 
capacity of this valve to fiu-nish steam at the maximum pressure or initial 
pressure, is almost equal to fully one-half of the volume of the cylinder in 
its steam supply, whde in the slide-valve engines, as a rule, we find a 
itimiuution of pressure varying all the way from 7 to 25 pounds from the 
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initift!, and in some cases esceeding even that. This might lead us to iion- 


sider whether the perfection of valve motions is increasing or decreasing, so 


far as actual results go, upon the other marine engines of new conatructioa 


It is a self-evident fact from 
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If we now turn to Fig. 
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157, which is from the com- 
pound cylinder, we have 
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Fia. 150. 


gram. It will be noticed 


that there is quite a falling 


off, and it id not the proper way, but in this case it has been deemed 


preferable, bo as to see -what loss was incurred from a possible one. taking 


the initial pressure as the maximum pressure of the high -pressure cylinder. 


If we take the realized pressui-e in the comjiound cylinder, it, if anytliing. is 


carried rather Iwtter as on approximation to a straight line than that in the 


high-pressure cylinder, the reason for which is undoubtedly a larger valve 


area. The demonstiation in this diagram, taking A as the actual pressure 
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from the absolute vacuum, givea ua 13^ poundB, and, taking tlie initial press- 
ure aa stated, giyes tlie cut-off at tlie point C and tbe tlieoretical line E. In 
this case the approximation is exceedingly close, and tbe terminal theoretical 
preasura varies slightly above the teiTninal of tbe expansion line, as it will do 
whenever this basis ii^ taken. If we are using a steam of lower tension than 
we really cliarge in our com- 
putation, its terminal press- 
ure must be espected to be 
somewhat above the terminal 
of the theoretical line, for 
volume and tension must both 
be taken into account. The 
release in this case is not 
equal to that in the high- 
pressure cylinder. The ex- 
pansion according to tbe theo- 
retical is 4J pounds below the 
atmospheric line, while the ac- 
tual line is precisely 4 pounds 
below. The commencement 
of the vacuum is between 
eight and nine pounds, grad- 
ually running down to be- 
tween ten and eleven on one 
end and eleven and twelve on 
tbe other. The question may 
readily occur as to this effect 
in the economy of the en- 
gine ; in our own minds a 
vacuum of twenty-four inches, 
or twelve pounds, ia prefer- 
able to one of twenty-seven 
or twenty-eight i the question 
has been often asked but 
never answered, why should 
we use fifteen or twenty men 
at the mouth of the furnace 
Fig. 157. in throwing in ccpl, and a 

donkey engine at the other 
"nd of the engine doing its level best, to produce a terapei'ature of from fi-eez- 
ing down towaids zero on the alternate ends of the low-pressure cylinder, 
calling for its equivalent in beat at every filling of the cylinder with steam f 
The probability is, the engineer who has charge of this ship has found that 
he can run his feed-water a good many degrees hotter with a twenty-four 
inch vacuum than with one wliich goes lower, and, we have no doubt, that in 
that respect he is entirely correct. 
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There is ouother thing which may be said of steam engine ( 
taken from marine engine cyUmiers. We have been allowed to exaoiineK 
great many steamships, and we have never yet seen proper or fully correct 
appliances for taking of diagrams. Usually the side-pipes are connect«d at 
the bottom of the cylinder, a round turn made and then connected on the 
aide near the top. A three-way cock is an-anged above the grating and the 
motion is taken from any convenient point. The clearance between the indi- 
cator and the bottom of the cylinder we have measured where it has had 
three times the distance to pass upon the bottom of the cylinder than on the 
top, for the steam to pass from the engine into the piston of the indicator, 
and for that reason we usually find the bottom of most maiine engine dia- 
grams latest, the comer most rounded, and it is not impossible that such is 
the case with 15G and 137. While the diagraius show practically the amount 
of power used, they show only an approximation to the actual in the Talven. 
and the fiuiher removed the indicator is from the piston, the less is the accurate 
working condition of the valves shown or known. These two dif^rama in 
156 aud 157 have a great many points of study for the practical engineer, 
and they show at ouce an entire difference lu the handling of the available 
])resnure, from that of most of the marine diagrams which are illustrated- 
The full dimensions of the engine aud the boiler pressure are not givff 
scale of the high-pressure diagram is 30, that of the low-pressure, 8. 



LESSON LXXVn. 



AHOTIIER OCEAN STEAMSHIP COMPOUND ENGINE. 

Quite a contrast in practice from the preceding lesson, and yet oni 
the best engine results, will be found by a reference to Figa. 158 aud Iw 
which are from one of the recently built steamships with high and compound 
cylindei's, the high-pressure being 5*2 inches, compound cylinder 93 inches in 
diameter, length of stroke five feet six inches, revolutions (>2^ per minute, 
pressure in boiler 90 pounds, scale high-pressure forty, compound twelve. 
vacuum gauge 25, hot well temperature 114°. The high-pressure cylinder 
has piston valves, the compound has slide valves. 

Taking 158. our base line A shows that the cut-off occurred at the inter- 
section of C D, D being the reahzed pressure, and C representing the volume 
of the cylinder in its proportion to the length of stroke that the line D ia to 
the whole distance between the two extreme vertical lines. The theoretioal 
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Poarre E shows that the loes from initial presaure to the point of cut-off ia 13 
pounds, total loBa from boiler preBaure at the point ot cut-off 19 pounda plua. 
The theoretical curve follows more eloaelj than we would suppose after it 
strikes the line, running but very slightly below it. This would probably be 
accounted for by the fact that the ateam is slightly superheated. The action 
of the valves in this case was very nearly jiei-fect, so fai' as being tight go ; 
the release is early, and the comiteriireesura in thereceivercomniences at eleven 
pounds, increases to plus thirteen, and at the point of commencement of 
compression is between fourteen and fifteen pounds. The point at which 
compreasion ceases and the ateam valve commences to open, shows an almost 
exactness of 43 pounds upon either end of the cylinder : this is a point of 
very material economy in a quick-acting engine like this, which ia quick-acting 
for ao lai'ge an engine. The ateani liuea are carried very well, and the open- 
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I of the valvea ia very nearly right in both caaes. Thia ia a desirable im- 
rovement over that of some of tbe eteamsbipa which still maintain 
the old-fashioned elide valve, or even the old-fashioned piston valve 
iritb alow apeed in ita whole length of travel. In this case, we have 
no doubt the valvea of the engine aie not baaed upon the old-fashioned 
idea of valve travel, and yet there could be a radical improvement if they 
were speeded still higher in their proportion of travel to that of the piston 
of the engine. Possibly a little increase of travel would aid it. 

In diagram 159, we have again cliai'ged the engine with the full amount 
of the maximum pressure in the receiver. One end has 13 pounds plus for its 
initial, while the other end only gets 11 pounds, and it will be noticed that 
1 upon which we have erected the demonstration, the main valve is con- 
arably later than on the other end. Thia, without any doubt, accounta for 
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& portion of this change, and the contrast, as between the admission and 
carrying of steam in the two diagrams, shows the moat radical difference 
between that of 158, the fact being 158 is piston and 159 slide valves. The 
opening and closure of valves in 159 show plainly that they are very alow in 
both motions, whether tlie passage ways are sufficient or not can only be told 
by actual demonstration from measurement, but it is a self-evident fact from 
the indicator, that the admission of steam on the left-hand diagram of 159 ie 
exceedingly slow. The vatve is also slow in its motion, and the pressure 
drops away much faster than on tiie other end of the same cylinder, Tliifl is 
sometimes accomplished by having the valves so balanced for opening that 
the real travel of the valve never reaches wide open on that end, while upon 
the other end of the cylinder the valve, having been cast solid and finished, 
had a travel which may be slightly earlier in its opening, and, owing to the 
angularity of the rod, quicker iji its movement. lu this case the theoretical 
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curve follows closely, after the actual line of the instrument and the theoreti- 
cal curve meet. In this case, our demonstration base A shows an actiiid 
pressure at the very point of crossing the atmospheric line of 14.7 plus above 
absolute vacuum. The line D represents the masimum receiver pressure, and 
the working out of the two problems on the base line A gives the point C on 
D. from which the quantity of steam at the pressure of D should have been 
cut off to furnish the pressure at A ; and in the computation for powei- or fuel 
consumption, the amount of steam used between the valve's opening and 
dosing, was equivalent to the pressure cut off at C on D, so that while the 
valve was not closed at C, its closing was equivalent to an increased pressure, 
and a diminished volume of the cylinder filled at that pressure to accomplish 
what was done at A. The release on both diagrams is very good, generally 
considered, but the right-hand end diagram seems to have some kind of a 
etruggle going on which makes a curiously-shaped expansion line, or in the 
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e of the valre evidently causes some Tibration in tlie pressure which is 
not fully accounted for. The solid-lined diagram commences with 9 pounds 
of vatruuni. rims down to plus 11 pounds, compresecB on about 12 jjounds, 
and takes steam about the crossing of the atmospbenc line. The other end 
of the cylinder commences its vacuum at about 10 pounds, running down to 
plus 12, as it couhl readily do from the less amount of steam used upon that 
end of the cylinder. 

The two diagrams, 158 and 159, were taken by a Thompson indicator in 
order to ascertain the esact power, and as nearly as possible the position of 
the Talves. It woultl be very interesting if short connections, and a posi- 
tively correct motion could be arranged for this pair of engines, to get at the 
facts with reference to the actual position of the valves from a close connec- 
tion to the cylinder, and the Glosest approximation to a positive and ooireot 
motion for the iiistinuueut. 



"^ CONDENSINO V. 



LESSON LXSVm. 



CONDENSING CARRIED BEYOND ITS ECONOMICAL APPLICATION. 

In Fig. 160 we have an old Corliss engine, which has been runningnight 

and day for a number of years, twenty- 

two inches diameter, forty-eight inch 
stroke, running 500 feet per i 
piston speed, independent condenser, 
twenty-four spiing. In this case the 
amount of steam actually used by the 
engine is represented by the line A, one 
end of which touches the admission line, 
and the other the dotted line, which is 
the boundary of the proportion of the 
cylinder filled with steam. The demon- 
stration is made from the line of 
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rwsA'rr tbars witit the indicator. 



preaeuro P. Apparently the engine cuts off very luuch shorter tbann 
the dotted line is drawn, but upon the demon Btration we follow down th* 
dotted comers of where the ordinatea cross the lines, foi-ming the boundurj 
of the theoretical curve. At B we tiiid that the line ot the indicator or actual 
is below the theoretical, at C the actual hue is but Terj triflingly below. Now 
what happens between A and B, or B and C t Nothiug more or less than 
that the valve does not close tight, or else that it leaks after having closed 
and before it is firmly seated. From C to D the steam continues to come in ; 
at £ the expansion liue is below the theoretical and it showa to the eye, com- 
paratively, that the line drops. It is undoubtedly caused by the much more 
rapid expansion of the steam. At F the lines are together, and so ou, getting 
a trifle above before the end of the sti'oke. There are several points about 
this worthy of notice, the first, that the expansion line is somewhat irregular. 
and the second is that the drifting which occurs from one point to the other 
is fully proved by the location of the theoretical and the actual lines. The 
vacuum, in this ca^e, reaches nearly twelve poundB, or twenty-four inches ; 
very many of our oldest engineers, who run condensing or compound, claim 
that at this point it is by far the most economical, as the temperature of the 
water at this particular point is much more advantageous for re-use or for 
feeding than as though more vacuum was obtained. The high range of change 
of temperature between even the tenninal pressure of 3 or 5 pounds pressure 
and 12 to 14 pounds of vacuimx makes a tremendous waste of live 8t«am by 
condensation, and a moderate vacuum and hot feed water use less coal to 
produce the same amount of indicated horse-power, other things being equal. 
We believe this position is tenable ; however, it is a point for argument, and 
engineers who wish to do so may find food for figures drawn from actual ex- 
perience, in case they take it up. i>uttiug any experience they may have in 
connection with the facts. 

There is another point about this diagram which we have not elaborated 
on, that is, the reference of the area between the high-pressure and condens- 
ing, the relation of one to the other. The question is, does this engine do U 
well as though it earned steam a little further at a less pressure or nott 
There is not the least doubt that in many cases engines are underhiaded, and. 
*' to save coal," the condenser is added, and more coal used with a condenser 
than without it ; the reason is not far to seek, A small quantity of steam 
raises the heat but Uttle, and it is easier to maintain 14 pounds vacuum on n 
small amount of steam, and the cylinders are refrigerators to a greater est«Dt 
tlian the point of economy. 
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^KeT old COHLISS engine, actual cost of a nORSE-POWER PER ^^1 
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valve wide open, forty spring, Thompson ^^^| 




improved indicator, not ouite tbe whole ^^^^| 




** ^^\ 
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We have made a demoaetration only upon ^^^H 
one end for the purpose of finding out how ^^^H 
the engine was running. These diagrams ^^^H 
were taken with a three-way cock, or by ^^^H 
cluiiiging from one end to the other. In ^^^| 




\ 


either case, we have demoustmted from the ^^^| 




\ 


diagi-ara coming nearest tbe boiler pressure, ^^H 




\ 


and it shows a beautiful working of steam, ^^H 




\ 1 


A line of boiler pressure, B atmospheric ^^H 




y 


line. C vacuum. D volume of cylinder filled ^^| 




< |« 


\j with steam at boiler pressure to do the ^^^H 




/ 




work, cutting off at £, or at the intersection ^^^H 




/ 




of the Imes A, D. Tbe theoretical line is ^^| 




/ ' 




dotted down to the point where it runs into ^^^| 




/" 


y 


the actual line of the instrument, which is ^^^H 
considerable of a distance above the point ^^^H 
assumed for tbe base line. It then follows ^^H 
so closely that we have used our old method ^^H 
again of dotting the interHection of the lines ^^H 
in the demonstration. There may be a shght ^^H 
difference in tbe terminal of this diagram, ^^^H 
for the original was veiy faintly drawn and ^^^H 
was traced over by baud. Tbe steam line is ^^H 
extremely good on the right-hand diagram ; ^^^H 
the one on the left falls off considerably, and ^^H 
tbe pressure would seem to have changed ^^^H 


^"'- "''- The vacuum in this case rcnlizee about teu ^^^k 


pounds. Tbe diagi-am was token August 4, and we could liardl; expect ^^^| 


much more than ten pounde, or twenty inches, at that time of year. ^^^| 
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TaJieii all in all, it ib an excellent lUagrtun. There is in tliia case no 
leaJiage anywhere that we caa find. The admission line, ateam liue, ex- 
pansion, are all good. If we were to change anything it would be an 
earlier release and a trifle more compreasjon, and it is possible we might ob- 
tain a little more vacuum by so doing. At the time of taking, a portion of 
the machineiy of this mill was stopped. There are some figures accomjiauy- 
Ing this which will interest steam users. The power of the engine, four times 
per day, six days per week, averages ISl-horse. The fuel used is three- 
fourths anthracite coal duKt from city coal yai'ds, and oue-fourth Clearfidd 
coal. The cost of this fuel is as follows : Clearfield 1^3.30, and anthracite 
dust $1.80 per ton of 2000 pounds, in the coal house ; sixty-six hours' use, 
17,110 pounds of dust, 5,622 pounds of Clearfield, making 22,732 pounds, 
costing 825.80 : average power, ISl-horse. The diagrams were taken twice 
in the forenoou, twice in the afternoon, and the average of twenty-four cards 
in the week taken for the amount of power. Pounds of coal per hour, 344 ; 
pounds of coal per horse-power per hour, 2.28 ; cost of 151 horae-powcr per 
hour, 00.39 j cost of one horse-power one hour. .00259. Three horizontal, 
tubular boilers are in use, 6 X 16 feet. 

Two boilers are used in the summer, three ui the winter. The fireman is 
not allowed to use a slice bar any time during the day, but when the fires are 
hanked at night they are cleaned. The inside of the chimney is equal to the 
full area of all the tubes in the three boilers, and 106 feet high, and the Hue 
from the boiler to the chimney is a little larger than the ftill area of the tubes 
in the boiler. Ash-pit doors are never closed when the boUers are running. 
The mills started nearly two years ago, and the grates are as straight as 
when they were put into the-furnace. The agent is a close student of the 
indicator, has profiled by his experience, and bought a new Thompson Im- 
proved for his engineer, and, on condition that we will not refer parties tu 
him , has given us permission to state the facts in connection, and also that his 
engineers and firemen are well paid, and take just as much interest in the 
economic handling of the engine and boilers as he does himself. We might, 
perhaps, say that this engine was wanted in a hurry, and was aecnnd-hand 
before it went into this mill, having been replaced by a very much larger one. 
It w[tf overhauled, and this is its record. 



Nora.— The cost of an I. H. P., in anything but fractiona of n cent per hour, shnuld 
not be allowed; pounds of coal perl. H. P. per hour is a meaninsleas aod iadeGoite 



TWEITTY YEARS WITIT THE INDICATOR. 



LESSON LXXX. 



IRLOADED CORLISS ENGINE CAN DO— SOME OF THE 
GENERAL DEFECTS OF ARRANGEMENT. 

The diagrams with this are from a Watts, Campbell & Co. Corlisa engine, 
ftnd we have laid aside anything that is theoretical or Bupposed, takiug only 
visible (acts. And this shows one of the instances which are constantly 
coming to the notice of the engineer who has any indicating to do, of the ne- 
ceatiity of simultaneous diagrame for adjustment of valves, or for reliable data 
with reference to power exerted. 




The diagrams in this case were taken on each end of the cylinder ; A is 

e line of boiler pressure at the instant the diagram was taken, the scale 

I forty. B, B' represent the visible point of cut-off. simply for com- 

r parison. C, C are the respective lines of initial pressure above the atmoa- 
pheric line, or the iustmment at rest. D, D' show the lowest pressure from 
initial realized, and E shows what went on occasionally while one end was 
trying to catch up with or do as much as the other. These lines, simple in 

LtibiemselTeB, are full of meaning and wOl bear a little investigation. 

B The engine at this time was in the course of adjustmeut for the position 

roC the valves to obtain the best possible results. The diagrams H and C were 
taken on the very same strokes of the engine, but we have not drawn in all 
the fluctuations caused by the reaching of the governor, first to increase for 
one end and then to diminish the cut-ofT cams' action for the other. We have 
here a boiler pressure of eighty-two pounds, a realized pressure of sixty-four 
pounds, a supply pipe of 2^ or 3 inches diameter for a cylinder ol 14 X 32 
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inches mimiug 80 to 8S revolutions. Tlie H enil diagram in this caBe meae- 
391 on the planimeter, the C end raeaaurea 328. The line E occurred 
on every single diagram that was taken until after the two ends were hal- 
anced. In this case 301 eqiiala 70,5 horse-power, 328 eqimlB 67.6 horse- 
power, BO that on a loatl of 80 horee-power we have a variation of about 
twelve horse-power between the H and C ends on the same stroke, or almost 
sixteen per cent. It will be noticed that the terminal pressure of the head 
end is seventeen pounds, the terminal pressure of the crank end is thirteeQ 
pounds, while the terminal pressure of the crank end when it makes a jump, 
as in the case of the diagram E, is 33^ pounds. The loss in the first place 
eighteen pounds between boiler pressure and the highest realized pressure on 
the head en<i A loss is also made fi'om the moment the valves open until 
they cut-off of ten pounds more on the head end, between realized initial and 
the pressure at cutting off, making twenty-eight pounds below boiler press- 
ure, or a little over one-third of the steam pressure to start with on the ex- 
pansion line. On the crank end a loss of twenty pounds between boiler and 
highest initial and eight pounds between highest initial and at point of cut- 
off. By a curious coincidence both ends cut off at about the same loss of 
pressure idthough at different lengths. The crank end carries steam equiv- 
alent to about 13^, as compared with the head end canying 18, call it inches 
only for comparison. Most of these diagrams show the racing of the gover- 
nor up and down with every stroke of the engine, endeavoring in every in- 
stance after the valve had been set for the head to get around quick enough 
to set the valve for the crank ; in this case very wide variations were the 
consequence, and, in the particular diagram which we have engraved, only 
three lines were made in order to catch carrying steam at three-quarters 
stroke. Wherever more than four or five strokes of the engine were made 
upon the indicator card we find this carrying nearly full sti-oke on every one. 
so that about one line in four, or five, theregulator jumped to catch the crank 
end with the head end. Qood engineers will understand this at once. The 
changing of the governor is continual and about once in so many strokes it 
will set a little further than ia necessary and skip tripping the valve. All en- 
gineers will also see that this is an exceedingly dangerous practice ; there is a 
great deal of force exerted as between 60and 100 horee-power, when it is only 
for a single stroke of the engine, and something has to withstand that power 
or else the engine would smash. 

There is another peculiarity in this cose : it will be noticed that the crank 
valve ia very newly in position so far as the admission line is concerned, while 
the heEid valve shows plainly where the cushion terminates and the aduiissioii 
line coiamenoeB ; also that the admission line leaus away to the right from the 
vertical line. This engine had only one screw in the jim-crank of the main 
steam vaJvea, and the thread which connected the crab-claw with the iron stem 
was BO coarse that a whole turn was too much, and nothing less than a whole 
turn could be given ia adjustment, which is not the case with larger size 
engines. The eccentric having been put right for three valves, and the same 
difficulty existing on the crank valve, we were compelled to leave it a little 
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J the admission line ; for had we ciianged it agtun on the main rod, it 
would have thrown the trank valve just as much forward or backward, leaving 
U8 with only a whole turn to adjust with. This practice of having right and 
left threads on both ends of the exhaust and steam valve connections, to give 
sicety of adjuBtnient should be insisted on by engineers in new engines. 
■ If the readers will figm« the pounds exerted between 79.5 horse-power 

"on one end and 67.6 on the other, they will find that there is a very great 
change of force exerted between the different strokes and as many strokes as 
are made in each minute, which is not at all to the benefit of the engine. 
There ai-e veiy many other points connected with these simultaneous dia- 
grams, but leaving all but the practical, we find enough to encounter to draw 
our attention to the fact that it is vei-y neceBsory to use both indicators, if we 
are getting either the power correctly, the variations in power or the position 
of the valves. It is an interesting study and more interesting in the practice. 
It will be noticed on the crank end that the exhaust is a little late on the 
small diagram, and that the same feature is very evident in the lai'ger one. 
The small amount of power exhausts under a stai-t of about five pounds, while 
the jump to nearly whole stroke esliausts under twenty-two or twenty-three 
pounds back pressure at the beginning of the return stroke. There are sev- 
eral interesting features which will be home out if a little examination is 
given, and will prove all the more intej'esting. 

This is one of the troublesome things to engineers, running from 50 to 
100 H- P. regularly on a 60 H. P. machine. Some of the full load diagrams 
on this engine show 102 H. P., the builders did not apply the small feed- 
pipe, or arrange the engine to carry fidl stroke. 




LESSON LXXXL 



AN OCEAN COMPOUND. 



Pigs. 163 and 164 were taken nearly three years since, from a then new 
ocean steamer ; 163 is scale 32 per inch : 164. 12 per inch. The difference 
which is shown between the different ends of the cylinder show a trifle less 
than 300 horse-power difference between the left and the right-liaud card. 
Taking A and A' as the baie lines, we find the point of cut-off at B, B', from 
each of which points the theoretical line is drawn, taking the cylinder as realiz- 
ing boiler pressure. The expansion line upon one end is somewhat peculiar, 



\"' /l 

\ '1 

J 






,<2:.^ \ ^- 






1 \\ '^ \ 
\\ 








34,2 TWENTY YEARS WITH THE INDICATOR. 

but closely follows tlie tbeoretical with a little difference, which will b« ac- 
counted for, ae between realized and boiler pressure. Upon the other end 
we hare a different account ; the steam enters the cylinder and inuuediatelr 
falls tiway in pressure, so that at B' teii pounds of pressure is lost between 
the initial and the point of cut-off, allowing six pounds for lost boiler pressure 

equivalent to ecjual to the 
other end. There is a 
reason for this. The left- 
hand card is ft-om the top 
of the cylinder where the 
distance from the 8t«am 
way to the indicator cock 
is less than one foot, while 
the other eud ia taken 
from the bottom of the 
cylinder through a Bteam 
pipe more than five feet 
long. It is probable that 
the left-hand diagram is 
much nearer the fact than 
the right-hand one, and 
that quite a difl'erenco in 
the horse-power would be 
developed if both these 
connections were made 
short, and two indicators, 
instead of one, were used. 
The release of tliia engine 
ia very good. We find 
the commencement of ei- 
haust on one eud with 7 
pounds receiver pressure, 
and only a trifle more 
than 7 on the other; the 
maximum pressure is 13 
pounds. Quite a varia- 
tion occura in compres- 
sion, and if the difference 
exists in proportion to the 
the compi-ession on the two 
square steam comer, and the 
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length of pipe connection that is shown 

diagrams, then the left-hand diagram ha) 

right-hand one comes honestly by the little hump at the commencement of 

the ateam line. All these diagrams for that matter are only 

correct, on account of this very cmde way of establishing 

connections between the top and bottom. 



commencement of 
:>nly approiiinately 
hing the indicatoc J 
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Turning to Fig. 164, we have a most peculiar tmiu t 
These diagrams were taken with n 12 scale. We have only drawn the theo- 
retical curve upon one end, as that answers every purpose for comparison of 
the diagram. We first charge the engine with the full amount of receiver 
pressure, viz., 12 pounds; it will be 
seen that the opening of the valve is 
such that a little kick occurs in the 
opening action of the indicator. The 
steam Hue tlien falls off from re- 
ceiver pressure almost 8 poimds. 
We have drawn the line D where the 
two steam lines of the diagram cross 
each other, aiid we find there a loss 
of plus 7 on one and ahout 8 pounds 
on the other end. But, to give the 
engine credit, we have drawn the 
line B on one side and B' on the 
other as aliout the average of the 
realized pressure initial, and what 
the engine should have done if 
either end of the compound cylinder 
had have worked as well as the left- 
hand of the high-presuure. The line 
F is the line of the instrument. B is 
the line of initial pressuie, C equals 
the volume of the cylinder filled or 
the point of cut-off, E the theoretical 
line drawn from the base line A. The 
steam In the cylinder if it had fol- 
lowed the hne B up to the point C, 
and then the theoretical line would 
have yielded almost 200 horse-power 
more than it does do ; the actual 
amount of the card shown is 1474.8 
hoi-se-power, while had it have real- 
ized the pressure B to the point 
C and the expansion line, with the 
same vacuum, it would have yielded 
1662.9 hoi-se-power. We find that 
either end of the compound cylinder accomplished as much work as 
e high-pressure, and that there is a more radical difference in the actually 
ftveloped power in the high-pressure cylinder, than in the low. The results 
a this case may be of interest to oiu- readers. The steamship, from wbone 
ines these diagrams were taken, mode thi'ee round trips, the engines were 
very largely altered and very much improved, as they would need to be from 
the apparent action shown, from the very great differences which exist 
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ill both liigli and low-presaiire cylinder, from fii'st^class pr&cticea. These 

Ihmga ai'B not visionary, tlieoretical, or supposable ; it is only a matter 
of ifuet that they do exist as they do, and that it is so expensive a matter when 
euch results as these are carefully figured out, to make a change iu au engine, 
or abolish them entirely. 



LESSON LXXXIL 




DEFECTIVE CONSTRUCTION, AND AN INCIDENT IN THE USE 
PANTOGRAPH. 

This lesson, with the exception of the Horria-Corlias diagram, shows 
radical defects iu conatniction, in usage and in the application of the indi- 
cator, and it is quite as necessary that the readers of this volume should 
know where to look for difficulties and how to avoid them, as it ia to know 
the theory of doing a thing right without having the practical results before 
them. 

Figs. 165 and 166 were both token from the aame engine. The engine 
waa of peculiar construction, and had been subject to several examinations 
and alterations, the warranty being, as is frequently the case, that it should 
equal the Corliss engine in economy, development and regulation. As the 
readers of this volume will have plenty of Corliss material with which to com- 
pare, they must form their own inferences or deductions, we have only to nar- 
rate the facts. The engine in question waH built for a speed of 80 revolutions 
per minute ; it was well located, well connected, but for some reason it had 
not given satisfaction to its owners. 

Fig. 165 is an actual diagram with the simple addition of absolute 
vacuum, the base line and the theoretical curve, with a portion of the 
initial or realized pressiu-e line added, in order to show that after the valve 
commenced to open, the pressure in the cylinder considerably increased, and 
instantly commenced to decrease perceptibly before the point of cut-off, which 
we have termed visible, occurred. The expansion line would seem to show 
a very fair action both of the indicator and steiun, and without tbo theoreti- 
cal cun*e, (with the exception of the joining of the admission and steam lines, 
and the little irregularities in that line as well as in the compression) it 
would seem to be a pretty good diagram. But when we apply the base line, 
to learn from it the point of cut-off and that one point of the theoretical 
curve quite corroborates the other with regard to the amount of steam used, 
it becomes less pleasant than on its first impression. 
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Fig. 165 was taken at a speed of 80 revolutions ; the peculiarities of the 
diagram will be esplnined later. Fig. 166 waa taken from the same engine 
during the same tiia! or obseiTation, aud at a moment when the speed of the 
engine had reached 124 revolutions per minute. The peculiarities in this are 
that the same general features which occurred in 165 are present, both in the 
compression and steam lines, and that the serrations or irregularity of the 
steam lijie is increased very much more by the high speed than it is by the 
uKiuil speed of the engine. It will be seen also that the point of cut-o£f is 
quite different from that of the previous diagram, or 1C5, but that there still 
remains this estreme leak, and that both points on the theoretical line, initial 
and terminal pressure, corroborate the previous reading. Fig. 165 figures by 
the planimeter 10.1 horse-power ; Fig. 166 figures 10.2 horse-power., at the 
diff«tent speeds at which they were running, at the moment of taking. It will 
be noticed that the steam line in both 
ows almost a pai'allel 
line with the vertical at that end. This 
engine had been carefidly examined by an 
old engineer, who bad indicated it and 
reported upon it; the report was very 
favorable indeed. The facts in the case 
aie as follows : The two diagrams, 166 
and 166, show a vaiiation of revolutions, 
i4, pel- minute ; dui-ing the time of the 




I trial, the engine ran from 68 to 124, and there was connected with it 
an attachment for showing the variation in speed, which diuing the time 
ran completely off the paper band, without making the least mark; so 
much tor the facts with reference to the regulation. During the time 
of trial, which extended over some thirteen hours, we applied the theo- 
retical curve, and were somewhat surprised. When the finish of the test was 
made, the manager was cnlled upon to make some examinations (which bad 
been quietly made the night before, but without any proof*. His attention 
was called to the tact that the piston traveled over the indicator plug holes 
at both ends of the cyUnder, so that, as a matter of fact, the diagrams 
were perfectly worthless in regard to their ate^m lines and admission lines; 
the expansion line is, however, fidly corroborated by admitting steam to the 
chest while the valves were unhooked from the eccentric, and such r jet of 
steam as came through the indicator plug holes has only been seen by those 
who have found valves which leak badly. In the case of 166, the steam line 
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approximates closely to a parallel line, but wlieo the piston moves I 
that the indicator hole ie uucovered, the eteam is admitted more and more 
into the indicator, giving a triflingly higher preaaure just as the moTemeot for 
the cut-off begins to take effect. The compression plainly shows that some- 
thing goes on beyond it, and whatever amount of apace may lie beyond that 
covered by the indicator hole we know nothing of, for no changes could b« 
made, or we would promptly have made a clearance with a cold chisel or 
drill. 

Fig. 166 shows the admission while the engine was racing, aad simply 
magnifies what ia plainly seen in 165 in a smaller degree. The espansioa 
line in both cases, without the theoretical, would give an idea of a good 1 




But. taking the actual pressure at the base line of the demonstration, we find 
there ia entirely too much pressui-e for the steam and volume cut-otf as by 
the visible point of cut-off on the diagram. We also find a corroboration of 
this in the fact that the theoretical line runs below the actual line, and 
the terminal pressure is as much too high in proportion as the absolute 
pressure is at the point of the base line. We were told some months after 
that the price of this engine had more than been paid by the damage it had 
done to the place it was working in, which would seem to corroborate the 
indicator's work to the extent of wasting the steam, and also the fact that 
the regulation was exceedingly far from that of the average-built Corliss 
steam engine. These two diagrams, 1615 and 166, ai-e well worthy the careful 
study of every engineer who desires to know something further as to the 
reliability of the indicator. Both diagi'ams were taken with a 30 scale. 
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AN INCIDENT. 

Fig. 167 is from a Honis-Corlisa engiue slightly tlirottleil, Bcalo 40, and 
P.ihe only remarkable feature about this bi the peculiai' twist iu the espaneion 

■ line, something which very rarely occurs. This occurred a number of 
s while the author was busy in changing the valves, eccentricH, crauka, 

etc,, and was really quite a puzzle until pai-ticular attention was given to 
what made it. The result of au examination proved that the cord which led 
from the indicator to the pantograph motion, which was being used, struck 
upon the top of the slotted screw nest to the post to which our stiingB were 
attached, bx such a way that a snap waa given to the cord both ways, sud- 
denly changing the speed of the paper baiTel first above and then below, 
until this slot-headed screw, in the forwai-d and backwai'd movements of 

[ the cross-head, passed out of reach or control of the line of string. The 

B pantograph was dropped a quarter of an 

Binch on the post, and as much in the cross- ^—^ 

khead, and a long attempt was then made to ,'' 

■ lepeat it, but it was no use. Both iudi- / 
r oators were taken off and carefully es- / 

atniued. Nothing was found out. The / 

pantograph waa again raised to its original ,, ,^' 

position, and the matter was repeated. / 



\ 



Fio. 167. 



with rnnatione, to satisfy us that this kind of an espausion line can 

be produced by snapping the indicator string by the movement of a 

nail, peg, or any other obstruction, across the line of the sti-iug. This same 

luutter comes up wherever the pendulum in applied to any engine for the 

^pnrpose of taking an indicator diagram. In this particular case the speed 

Fof the paper barrel was generally changed, first fast and then slow. The 

same thing occurs, although it is seen in a different way, and will be treated 

of hereafter, whenever the pendulum motion i.i being used, unless the 

sliding bar is used to communicate the motion to the indicator barrel. "When- 

Lerer the pendulum is so attached that the motion is coincident with that of 

9ie piston, and is also exactly equal both sides of the center, very little varia- 

1 will appear ; but whenever the swing of the peg. or even an arc of a 

I is used to communicate motion, the distance traveled is unequal dis- 

iS on a straight line, while the speed of the motion may be uniform j the 

ntvel being upon an arc of a circle, it wOl give an unequal distance when 

pplied to the travel upon the slides by the cross-head, and this varies the 

i of the indicator barrel : and while it may be small in amount, it is suf- 
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flcient to make the expansion line entirely unreliable. Tins aame pi 
be accomplialied by boring a hole and putting a little i>eg, which has been 
slightly slotted on the top, with partly rounded eideB. into the peg Bim of 
the pantograph ; but if the experiment is tried, be careful tliat this peg no 
more than strikes about one-third or one-half the diameter of the indicator 
cord, or a paper bai-rel spring completely smashed may be the result. This 
is an extremely insignificant point in some respects, it is the key to any mo- 
tion that varies, or attempts to make straight travel by passing through <■■ 
arc of a circle. fl 

A CmiOSITY. 

Fig. 1G8 is another experiment in steam engine building, scale 30. This 

was an engine used in grinding rubber. The cylinder was built with Corliss 

valves, ivhile a different style regulator 

'I '1 had been attached to an old bed. or 

I I the girder part of the bed- The several 

' diagrams are only a small portion of 

the eiTatic movements caused by tUo 

changes in the regulator. The changes 

in the load were considerable, and the 

regulator would sometimes change from 

its highest to its lowest point on the 

very same stroke. Very little more can 

be said about this figure than that it 

shows a regulator utterly unfit to be 

used where any change of load should 

occur, and shows also that there is an 

exceedingly good opportunity for the 

engine to smash itself, in case of a 

sudden change from one load to the 

other, that was from the heaviest load 

to the lightest. On the other hand, if 

it was suddenly from light to heaij 

the engine would be exceedingly apt 

to stop. A, A. indicate the extreme 

. I , ends of the atmospheric line of the 

. ' ;i ' instrument, and, in order to show the 

differences between the exhaust lines 

of the different diagrams, the atmos- 

^"^ .(J pheric liue is omitted. B, C and D 

y I \i\ show variations, the card intending to 

I __ ,'' ';/ cover ten strokes of the engine, speed 

80 per minute. It shows also that the 

engine is entirely insufficient in its port 

ways to exhaust under carrying steaui 

Pro, 168. two-thirda of the stroke. It shows iu 
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'* eveiy case that the TolreB are a trifle late in their action, au<i the Bteiim 
lines do not upproximate very cloaelj to a Coiliss engine built bj any of tLe 
builders who underHtancl then- busiuesB. In this case we have a pretty 
good cylinder with a very poor regulator, and an exceedingly poor show- 
ing of a CorhsB engine for regulation, but it is a Corlies engine only 
in name, like many others, the improvement m upon it make it practically 
worthless, or a dejJarture from the real CorllBs engine principles makes 
a departui'e from good practice and alno from good results. These four 
diagrams cover an amount of infoimation which will only be measured 
by the patience that the persevering' reader shall give to them, and the 
benefits which he will derive will only be measured by his acuteness and 
cai'eful attention, and if these ore given many engineers will be saved trouble 
or being humbugged by any attempt by parties who are interested in the 
sale or attempted misrepresentation of the actual working of machines. 
Excepting 167, these should all find their way to the scrap-pile, and cease to 
be an annoyance to the engineer in charge, as well as to the men who supply 
a and fuel for their running. 




LESSON LXXXm. 



FOR THE BEGINNERS. 



I>uring the four years which have elapsed since the first Bystematie 
course of articles upon the indicator fii-st appeared, the author has found 
very freijuent inquiries for the elements, as men were continually taking up 
the indicator to learn something of it, who had not seen the first Beries of 
articles, and conseiiueutly had omitted many little points which are essential 
to men who have never held or handled the indicator : to sucii ones this les- 
son is especially adapted, while it will not do the older ones any harm to oc- 
casionally run over it in order to obtain other or more information and fre- 
quent reference to something about which they may have doubts. The indi- 
cator is intended not only to measure correctly the proper power exerted, but 
it also gives us, if Correctly ap{)hed, the maimer in which the valves handle 
the Bteam ; it tells us of the position of the valves with regard to the stroke, 
whether the motion of the valves is sufficient or not. It also tells us whether 
the ports, passages, throttle valves, steam pipes, exhaust pipes and ways are 
all sufficient, or, if insufficient. It is not able to tell the particular point at 
which the trouble is, but it will give the trouble, and then we must find 
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its exact location- It frequently shows uh that feed-water heaters are on 
element of trouble by the inuufficieney of the area of the steam passage 
allowed for the exhaust »team. Uoitietuues it will tell us of a leak in 
valves, or of many little points which ai's not neciessai-ily to be particular- 
ized here, so that to cut the enumeration of all these things short, the 
indicator will tell us at any time, if honestly apphed, when the engine is 
working conectly or incorrectly ; if incorrectly, it will show whether there is 
back pressure, too late release, too tardy admission, throttling between 
admiBsion and expansion, whether the engine is overloaded, or any of these 
numerous haiipeuings which can be f^uud in item and detail by the previous 
lessons in this book. Directions have already been given for computing: any 
one can do this, who chooses to give a little time to it. 

Now the standard in all cases is the ideal or perfect diagram. The 
perfect steam engine (which has not yet been built) is expected to economize 
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by the use of full boiler pressure, to cut it off sharply, expand it theoreti- 
cally, release it early, exhaust, if non-condensing, at the atmospheric lice, ancl 
if a condensing engine, we are expected to accompHsh about 14 pounds of 
vacuum (theoretically 14.7 at the level of the sea) to compress slightly 
according to the fancy of the builder or the engineer, and in this way to 
realize all the heat units and the effective pressure upon the piston, and in 
that way make the coal consumption reduced to the minimum. The steaiu 
engine cannot, howevei', go back to the steam boiler and rearrange inefficient 
furnaces, too large or too small steam space, or any of the thousand things 
which may go towards making an incomplete, insufficient, or badly airanged 
boilei- plant. The engine is expected to take the steam pressure in the pipe 
and use it in the most economic^ way ; for that reason, we have constructed 
in Fig. 169 the generally-accepted theoretical diagram. It is made upon a 



TWENTY YEARS WITH THE INDICATOR. 



as I 



Hnale of 30 to the inch, having 60 pounds steam pressure anJ 14.7 pouiiilw or 
absolute vacuum. Tlie various lines to wliicrb frequent references have been 
maile in this book, are as follows : A. is the absolute vacuum, which differs 
vrith the barometric reading, and we have laid ont the vacuum for the level of 
the sea ; B is the atmospheric line of the Instrument or the line at wbi::h the 
pencil point of the indicator rests after having beeu thoroughly heated, after 
allowing the steam to come in contact with the piston and working parts of 
the instrument, and then shut off all steam connections. And here it is well 
to take notice of a little point which may have been omitted ; when the indi- 
cator has been attached, the motion arranged and the cord or wire connected, 
turn the steam gently npon the spring, heat the instrument thoroughly, and 
not until this has been doue, should the atmospheric line be taken ; having 
done this, now be extremely cai'eful never to allow a particle of steam to 
escape from the three-way cock while taking the atraospbeiic line, for if you do, 
you will distort the line, making it too high or too low ; D represents the 
boiler pressure, and is dotted fi-om the point of cut-off E, I, the rest of the 
length of the diagram ; £ represents what is usually sjioken of as the steam 
line, or that poi'tion of the diagram made between the time the valve is 
opened and that portion of the piston travel that the vaJve is held open; the 
dotted ordinate, I, (b'opped from E shows the point at which the cut-off vaJve 
is supposed to have positively closed, and C represents tbe expansion line from 
the point of cut-off E I to the point of release Q'. We will digress for a mo- 
ment. Such a steam line as we have drawn in Fig. 169, E, will not be found 
one time in thousands, the reason for it is assignable to a great vanety of 
causes, which may be changed materially by either of the following ; by inat- 
tention to the coiTectneiJS of the reducing motion, and insufficient steam ports, 
steam passages or steam pipes, or too small a throttle valve, to an ill-propor- 
tioned travel of the valve with reference to the piston ; wherever any of these 
reasons operate, this line will be modified in any of a great many ways which 
are shown in the preceding lessons, as well as in Figs. 170, 171. The expan- 
sion line C partakes of a great many variations. It is exceeilingly rare that 
we find one that approximates very closely, and for this there are a great many 
different reasons -, tbe distortion of the motion, any error in the travel or 
capacity of the valves, any leak in the valves, which may be very trifling, will 
make a difference in this line. Leaking by the piston, the presence of water, 
[> which is added the variable speed of tbe piston, or expansion, diminution 
\ pressure, increase in volume, a change in the physical properties of the 
\, and if the indicator itself be not in perfect working order, the expan- 
' aion line is likely to Iw an eiTatic one, Tbe theory upon which the expanilion 
line is based is that of Mariotte's law, that increasing the volume diminishes 
the pressure in a certain known ratio. This from the very nature of the 
^hing, has never been definitely proved, but the general foundation of the 
^bw ia that as the volume doubles the pressure decreases one-half, and so in 
■Broportion. At G' the continuation of the dotted, like the expansion line 0, 
^P»B been drawn at an angle rather sharper, perhaps, than the general con- 
H&notion of engines will admit of in release, by tbe actual lines of the indi- 
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cator, but we have drawn it thus distmct. for the working engineer baa J 
quently an idea that he should not release until be had obtained everything 
that was poBsible out of the steaiu. Here is a point o( pnwTtice about 
which some eugineera now differ, but thoso with the Iwgest ninchiuery and 
the broadest practice, have no doubt and no difference, viz., if we commence 
our release at G', following the line which shows a rounding into the con- 
denser at the extreme end of the stroke by a full open valve, we shall then 
continue the Hue G below the atmoKpherio Une, ao that it reaches the full 
extent of the vacuum at about one-tenth of the stroke ; and if the exhaust 
valve of an engine — taking the Corliss as Btandai'd, or any other well-con- 
structed engine — opens a little before the end of the stroke in order to 
release the expanded 8t«am as soon as possible, and allow the eondenwer to 
have full swing at it, we shall close that valve as much before the end of the 
stroke on its exhaust as we open it before the end of the sti'oke, provided tlie 
builder of the engine has properly proportioned the travel of the valve. As 
we are working on an ideal card, we shall suppose we are dealing with a firet- 
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class builder bo that the distance from G' to the end of the stroke, will give 
the condenser a wide open valve at the very commencement of the return 
stroke, and will immediately reduce the steam to full vacuum at the intersec- 
tion of the lines G A from the tenninal pressure end of the diagram, and will 
make the dotted compression line G, touching the vertical line J at about 17 
pounds above atmospheric pressure. There is a great difference of opinion 
among engineers, some claiming that it is impossible to compress u])on a con- 
densing engine. This is a mistaken idea, and, while many prefer to nm 
their engines without any compression, they will find, if the engine is prop- 
erly constructed, that compression within a reasonable limit is invariably an 
advantage, because, if we take the line G as an instance, we have 17 pounds 
above the atmospheric line of pressure at the very end of the stroke : if, 
now, the steam valve is properly set. so that it commences to open and 
continues the dotted line G, from its intersection with J, .'oUowing up the 
line J, by what is known as the admission line, we shall then have 17 
pounds pressure in that end of the cylinder upon which we put enough 
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bring it up to 60 pounds, while, if we do not have any compression, 
tre have to put 60 pounds instead of 43. We liave now completed 
tbe circuit of the <lia<p'am : upon tlie same diagram, 169, notice the 
'irregularly dotted line H (which is the moat uauol line of conipreuaion) in 
which the steam is ciuiied beyond the point G'. by means of the dotted 
line H, which iu differently dotted from G', and where the ateam pressure 
is confined until almost the extreme range of travel of the piston, 
barely commencing to open at the very end of the stroke, in which case the 
irregidar line H is continued and shows the effect of a later opening, so 
that the absolute vacuum is not obtained uutil the piston has traveled 
twice as far on its return stroke, or about one-fifth of the whole stroke, as it 
did with the earlier releass at G'. As the motion of the valve here ia later, 
BO it will be later in closing. The liue H is supposed then, from the point 
of its intersection with A. to travel from the liue A uutil it reaches H, where 
it will be found to extend but little above the atmospheric line, making only 
a pressure of eight pounds. The general practice on condensing engines is 
tiiat wherever the late opening and late closure tire pi'acticed, that it is much 
frequently followed with 7, 8, 9, or 10 pounds of vacuum instead of 
'.14.7. The earlier the release consiHtcut with proper compression, the larger 
amount of vacuum is obtained from the same amount of steam. The later 
the release, the later the compression, and the less amount of vacuum is gen- 
erally obtained, but as all daitses have their ideas, and we take diagi'ams from 
all desi'riptious of adjustments, we have thought best to introduce here for 
the beginner's benefit, the long ila-sh and (lotted line F, whicli shows a very 
general idea of excessive steam lead, joined to a considerable compression. 
This line may be made either by excessive compression or by a steam lead; 
and by ateam lead we mean just thii^, that the compression took place from the 
absolute vacuum line A, and the steam valve opened considerably before the 
piston anived at the end of its stroke or the dead center. This line will be 
frequently fouud upon modem constructed engines where an attempt at high 
speed has been made, but it is not desirable. The difiference between exces- 
sive compression or steam lead, and correct comi>reasion is simply this, if the 
Ive ia shut before the exhaust is complete, or slightly before the piston 
Ives at the end of the stroke, a small amount of low tension ateam is com- 
{tressed gradually to a higher pressure, and consequently to a higher temper- 
ature, audit offers mechanically a "cuahion" upon which the piston gradually 
strikes, and it comes to a more gentle stop than as if nothing were thei'B, 
when there would be a certaui amount of strain upon the gibs, keys and con- 
nections, if the cushion were not present ; and with the cushion on amount of 
steam is saved, and the wear and tear on tlie connections of the piaton rod, 
cross-head, connecting-rod, crank-pin is reduced. 

For any variation from the ideal diagram there ia always some reason, 
the beginner or the man who has had practice, should aim to obtaiu the 
let perfect results that ai'e poasible, ami. in evei'y instance, to investigate 
rery departure from the theoretical, unless, as in some of the instances 
the simple outline of a card shows an exceedingly faulty construotiou ; 
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and it is sometimeB well for a person who has not had moch experience to 
study these very faulty cards for his own benefit and future refereooe. 

With a view to some contrast we have introduced Fig. 170, which is from 
a CorUss engine, overloaded and throttled, or choked in the steam supplji. 
Referring to this figure (170), A represents the atmospheric line of the instru- 
ment, B absolute vaeuuni, C steam-boiler pressure, I) highest initial pressure 
realized, which is only 33 pounds out of 38. The steam line from D to E. 
supposing E to be the point of cut-off, shows 8 pounds less steam pressure 
at the point of cut-off than at initial. This is caused by the feed pipe being 
too small, and contrasts strangely with the ideal line E in Fig, 169. The 
point of cut-off at E, 170, will be seen to have been rounded over, which is 
caused by the slow closing of the valve, and the expansion line in this case 
may proceed cloB^Jy on the theoretical line, if he can find the esact point of 
cut-off. F is the point of release or evident opening of the exhaust valve, and 
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G is the commencement of the vacuum, and it will contrast very stron^y 
with the ideal line in Fig. IGi), as whown, and in this case (170) the engine 
runs back to neai-ly one-tliii'd stroke before the maximum amount of vacuum 
is obtained. At H the compression commences and closes at I above the 
atmospheric line ; whOe tlie steam line from I to D, Fig. 170, shows that the 
Vftlvo commences to open very slightly before the piston arrives at the ex- 
treme end of its stroke. 

In Fig. 171 we have anothei- type of very frequently-found trouble which 
is more marked in this case from the fact that it is from a Corliss engine. 
Many engineers have an idea that they must invariably get an engine under 
motion with a partly closed throttle valve. A Corhsa engine that will not 
start with a throttle valve half open or more, is decidedly out of adjustment. 
In this case we will not, however, discuss anything except those points which 
the learner most frequently desires to have thoroughly fixed in his mind. The 
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■eoaraely dotted diagram, if we start at tlie point D, shows tliat the 
■ateom valve opeuB too late ; at the top of the line, directly under the letter H, 
Kit will be Been that the ateam line leans to the left, or away from the vertical 
I line F. The peculiar shape of the steam line, from H down to E, is caused 
by the throttle valve being so nearly closed that steam enough is not 
furnished to keep the pressure up to the line of realized pressure C ; conse- 
quently the cut-off valve is held open for a greater proportion of the stroke 
I than woidd be were the throttle valve wide open, in which case the pressure 
, C would only be realized. At E we find the visible point of cut-off, or near 
enough for practical purposes, is 21^ pounds below the pressure at H, while 
I the expansion line i-uns below the atmospheric, making a loop. This loop is, 
I in all cases, resistance, and should be so figm-ed Lu comjiuting the diagram 
t for power. If we follow the exhaust line on the return stroke of the piston, 
e dud a squai'e comer at the termiual of the exhaust, and the steam line 
K«ommeuces, leaving the vertical line F more and more, which shows that the 
"opening of the valve is entirely too late. The fine dotted bne shows the 
ecxientric rolled forward on the shaft to bring the steam Hue from the point D 
up to the vertical Hue E, or so that the valve commeuces to open and admit 
the steam as soon as the engine gets upon the dead center. It is a fact, that 
whenever the valve is late in its opening, the pressure of steam is invariably 
reduced, and the later the valve is in its opening, the greater the reduction of 
realized pressure. lu this case, after the eccentric has been thrown forward 
to biing the steam Hue proper up to the vertical liue F, which is at right 
angles to the vacuum A, and atmospheric B, as well as the realized pressure 
in the first case, C, it will be seen that the realized pressure on the piston in- 
creased nearly five pounds, or to the line G. In this case the throttle valve is 
wide open ; notice the beauty of the expansion liue J, which we have only 
drawn until it reaches the exhaust line at about the poiut B. This would 
make decidedly more of a loop thou the coarser dotted diagram, but in mov- 
ing the eccentric forward we have also accomphshed another very important 
and ecoQomical point, which is the compression. Notice the fine dotted line 
I, which compresses the steam 23 pounds to the point D, at which point the 
I lieam valve commences to open and fills the cylinder with steam the balance 
I of the 66 pounds. Both these objects, viz., opening the steam valve at the 
kproper time and closing the exhaust valve quicker, are accomphshed in this 
I'flase by moving the eccentric about three-quarters of an inch of the circumfer- 
I of the shaft forward. Sometimes when this is done we moj throw one 
e exactly up to the right poiut and the other one may be too quick, or 
f to give too early a steam line, and it may affect the exhaust valve or com- 
f pression and release in the same way. Get the steam valves right by means 
of the jim-crank connection, and on the Buckeye engine, get them right by 
the compensation arrangement on the valve rod, by which you can divide 
the travel of the valve, or auj difference in the travel to the hundredth of an 
inch. In the Armington &i Sims engine this is usually done at the shop, but 
in case of tinkering or changes, take off the valve chest cover, and move the 
check-nuts on either end of the valve iintU you have it exactly where you 
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want it, and whenever any chang'es on the engine are made in this way. i 
□o attention to prick-punch marks, cold-chisel slashes, or aaytliing of thftt 
sort, work by the lines of the indicator, taking care that they are perfectly 
correct in their motion, corresponding to on absolute reduction from the 
travel of the piston. In this way no difficulty will be found in adjusting 
the valves of a Corliss engine to an exactness that will give a small fraction 
of a horse-power difference on a large engine between the ends. 

On some of the slide-valve engines, it is exceedingly difficult to balance, 
for we frequently find the travel of tlie valve not correctly calculated, in 
which case we must work for the best good of most of the factors in the 
combination. Sometimes we have to sacrifice a little on the steam line for 
the sake of being sure of a good release, and at other times we get a release 
without compression for the sake of ai.lmitting the greatest amount of 
pressure. 

But there are other methods of attaching the indicator which are very 
valuable. Fig. 172 shows two different diagrams taken at different titnea, 
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but both for the same purpose. These ore what are termed steam-chert I 
steam-pipe diagrams ; they are taken by attaching the steam engine indi- 
cator to the steam chest where possible, or to the steaia pipe below the 
throttle valve, and connecting the indicator with the same motion by a 
separate cord (taking pains that no angles except right-angles are made) 
with which the indicators at the end of the cylinder ai^e diiven. Cai'e should 
be taken to make the steam pipe diagram of the name length, as nearly as 
possible, with the diagram from each end of the cylinder. In that case the 
proportions between them are precise, while in the case of a longer or shorts 
one it requires figming to learn their proportions. 

Fig. A. 172, was taken in 1868 from a Haixis- Corliss engine, scale 30, to 
ascertain what proportion of boiler pressure was realized, and a little study 
of the diagram will satisfy any engineer that these steam-pipe or steam-chest 
diagrams are quite as valuable as those taken from the end of the steam cyl- 
inder, and frequently they give us a clue to what occurs before the steam 
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reacheH the steam chest, ho tliat we ma; uot pull the engine dowu lint rather 
pull down the pipe aud go back to find the trouble. If we start at figure 1 
and follow the line in the direction of the arrow to 2, we find that the press- 
ure in the steam chest is slowly diminished, while the valve at that end of 
the cylinder is held open, and this distance from 1 to 2 shows the exact 
distance that the valve was held open, or until it completely closes, in feeding 
the cylinder with the amount of steam allowed by the position of the regu- 
at that instant of time. The valve commenced to cJose at 2 and 
pressure gradually increased up to 3 ; the valve was at that time fully 
Vdosed and the pressure ran along to just beyond A, where the pressure 
dropped slightly by the draft of steam in the pipe. At 4 the other end of 
the valve opened and steam was carried from i to 5, at which point the valve 
commenced to close and made a more abrupt closing from 6 to 6 tbau from 2 
to 3. 

This diagram in itself is one of the finest we have ever taken, and if 
carefully taken, they tell the action of the steam in the pipe, precisely how 
far steam is carried on the cylinder, when the valve opens and when it closes, 
and every fluctuation of pressure which occurs in the pipe from beginning to 
end. Fig. B, 172, is from a Buckeye engine, at the American Institute Fair 
in New York, taken in November, 1884, scale 50. This engine was running 
from 222 to 225 revolutions, and it presents a contrast to the other diagram, 
from the fact that a large amount of compression was shown upon the i-ight- 
hand end and a moderate amount upon the other. At figure 1 the pressure 
falls with the opening of the valve in the steam pipe, is immediately raised 
by too much compression, and this occurs while there is but a \my slight 
movement on the part of the piston toward the completion of its stroke. 
The steam pressure is then led off by the opening of the valve, toward B, 
falling off very little indeed. It will be noticed that the curve on the Buck- 
eye engine, formed by the closure of the valve, is somewhat longer than 
that on the Hairis-Corliss engine from 2 to 3. The Buckeye uses tlie shde 
valve, the motion is slightly slower, although it is very fast. We then 
reach the highest limit of pressure. On the other end of the engine, at 
the commencement uf the stroke, or opening, the pressure slightly dimin- 
ishea, holds steady for the first half of admission aud then the pressure 
slightly falls away, until the time of the closing of the valve. Both dia- 
grams are very fine aud show the difference in practice between the valvra; 
C in both cases represents the atmospheric line. "When these steam-pipe or 
steam-chest diagrams are of exactly the same length as the cylinder dia- 
..gram, they are exceedingly useful, aud they should be taken from every 
^Dgine that has indicator connections or attachments. 

Another good place for the indicator to be attached is to the exhaust 
pipe between the engine and the heater, or between the engine and con- 
denser. Core must be token, however, in the case of a condensing engine 
■whenever the indicator is to be apphed, never to turn the threo-way cock 
BO aa to break the connection between the condenser and steam engine cyl- 
inder. In the case of a condensing engine, we ca;i frequently find where a 
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part of the difference between the racuum gauge and realized vacuum I 
accounted for ; in the cane of a liigh-presBure engine we frequently obtain 
from tbia a back pressure of from oue-lialf to two or tbree pounds, and in 
cases wbere the steam is retuiiied or changed in its direction through the 
feed-water beater, we sometimes find that the heaters have not the same area 
in tbeir tubes as the exhaust pipe has. All of these things the indicator ii; 
perfectly applicable to, and with pro])er connections will be found of great 
value, or quite aa much so as in the case of the cylinder itself. 

It is also interesting to indicate steam pumps or water pumps, as we 
sometimes get a very curious record of the operations which go on inaide 
B cylinder, to show us that the pump throws well one way and not well the 
other 1 and it is often to our advantage to examine these things, for we may 
find the valves ou one end of the pump seriously out of order, and in that 
way avoid trouble in case of fire, or when the pump is called upon suddenly 
to doits utmost work. In some cases of steam-pipe throtthug, it is well 
to have diagi-ams taken from different parts of the pipe (the motion c*n be 
readily transferred to almost any distance by using carrier pulleys) and in 
this way we frequently locate troubles, where nothing but taking down a 
large steam drum or main steam pipe would allow the object to be accom- 
plished otherwise. 

It is well for the beginner to also practice somewhat with different 
motions, to ascertain which are correct and which ore incorrect. Oet the 
length of your travel ou the diagram on the pajier cylinder, then divide this 
into four equal ports, or into as few or as many parts as you choose, turn the 
engine over carefully, and, if you are using the pendidum, you will soon 
find that you cannot make a peg, traveling the ai'c of a circle, conform 
to the exact divisions of the travel of the cross-head on the poper cylinder. 

Another point, which frequently makes trouble for beginners, is the 
deducting the piston-rod area from the effective ai'ea of the cylinder. The 
crank end of the engine has the size of the piston rod to be deducted from 
the ai'ea of the piston % beginners sometimes are troubled by not knowing 
whether this should be taken from both ends, or from one end. It can only 
be taken from the end that it exists ou. If we have a piston 30 inches ill 
diameter, and a piston rod 3 inches in diameter, we take the ai-ea of the 
3-iach piston rod from the area of the 20-iuch piston ; the difierence is insig- 
nificant, but the beginner may as well figure it for a few times and Eiscertain 
that it is an almost unimportant factor, unless in the case of steamship 
engines, where we sometimes have a piston 120 inches in diameter, with a 
trunk varying from 36 to 50 inches; it then becomes an element of very 
great imjiortauce. A great many hints as they occuiTed in practice, will be 
found in the various lessons preceding this, and they can only be properly 
studied by carefully studying each lesson by itself, for they are best i "^ 

bered when the circumstances under which they occurred, m« recorded. 
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STATER PER HORSE-POWER FROM THE DIAGRAM, OR STEAM CONSCTMED. 

It IB very frequently necessary to make a computation either upon the 
P-wnountof Bteam per borse-ixiwer. or the amount of water per liorse-power 
I aecounted for bj the diagram. These matters are to a certain extent com- 
I jdex ; not, however, from necessity or reality, but because tbey Lave fre- 
I qaently been made to ap^iear complex by the amount of figures incorporated 
I into them. All computations, as we have stated, must be from the absolute 
Tacuiun, for ou that line is founded the temperature, volume, weight and 
other properties of steam. The i-eader of this volume will by this time have 
t>ecome familiar with the reasons why this base line is assumed in every case 
as the only basis of actual comparison. If we wish to ascertain the amount 
of steam consumed from the diagram, or, as it is frequently termed, steam 
accounted for by the indicator, we take the absolute vacuum at 14.7 below the 
atmospheric line of the diagi-ani. B'or real correctness the clearance of the 
engine must be known, and this amount, the clearance, should be added to 
the diagram on a scale equal to the scale of the diagram. If the diagram ia 
fourincheslongaudrepresentsastrokeof f our feet, five feet, ten feet, or twelve 
feet, it is easy to asiiertain precisely what any fraction of the four inches 
represents proiwrtiouately. Add to the diagram of the indicator Uie clear- 
ance, if you can, and this clearance must include the cubic inches between 
the piston and the cylinder head at fidl stroke j also, the exhaust port to 
the face of the valve, and the steam port to the face of the valve aa well. 
It is usual to figure the amount of steam consumed, or accounted for, from 
the point of lelease. This is not necessary, and sometimes it is absolutely 
impossible, to tell precisely where release commences. Take any point on 
the line, either at the point of cut-off, or on any point of the expansion line 
before the exhaust valve opened. Now take the length of the stroke, in- 
cluding the clearance, up to the pouit where the pressui-e is measured, and 
from which point the computation is to be made. Multiply the length g( 
the stroke to that point by the area in square inches of the cylinder ; this 
will give you the volume of the cylinder to that point, and to this amount 
must be added the numiier of square inches of clearance up to the point of 
the computation, this gives the volume of the cylinder i multiply by the 
presaure to the point of computation; divide this product by 14.7; this 
quotient gives the number of cubic inches of steam at the pressure of the 
atmosphere discharged from the cylinder at a single stroke, or to that point 
of the stroke where the pressure is taken. If there is no leak in the valves, 
and the steam is not saturated with water, the cubical contents of the cylin 
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der multiplied by the pressure at the point of cut-off should exactly coincide 
with the cubic contents multiplied by the pressure at the actual point of 
release. If both ciit-oflf and release are well defined, it is a good plan 
always to make both these computations, and it will frequently lie foimd 
that the point of release gives the greatest amount. This at once shows a 
leak. Iji a compound engine the cubic contents of both cylinders should 
agree with each other, ii the computation is made in this way from the poiuls 
of release in both cases. Having reached the cubic inches of steam at 
the pressure of the atmosphere, multiply this by the number of fitrokea in an 
hour, and don't get confused, you are working upon one side of the piston 
only ; take care that revohitions are not considered, for in the one case yon 
will get double, end in the other half the a(.'.tual result. Having multiplied 
by the number of strokes in an hour, or the number of times that end of the 
cylinder is filled with steam in an hour and exhausted, divide this product by 
1728. the number of cubic inches in a foot, in order to reduce cubic inches to 
cubic feet. We have now the number of cubic feet of steam used per hour, 
divide this by the indicated horse-power of the diagram and you have the 
cubic feet of steam per horse-power per hour. If the amount of water used 
or accounted for is required, divide the number of cubic feet of steam per 
hour by 1700, this gives the cubic feet of water used per hour. If pounds of 
water are wanted, multiply the last result by 6'2J^; or, if gallons are wanted, 
divide the product by 8.33 pounds for wine gallon. Care must be taken in 
making these computations to get at the average or actual power retiuired. It 
is hardly possible for the indicator to account for all the steam consumed or 
all the water used, for as a matter of fact any excess of leakage, or any 
change of circumstances, such as blowing-off, will require a larger amount of 
water in the boiler than the intbcator can account for; the indicator simply 
accounts for what is used at and in the engine, and the indicator cannot ac- 
count for leakage from any cause. 

Or, to repeat the formula in a different way, without the esplanations, 
obtain tlie volume of the cylinder to any point which is perfectly plain, be- 
tween the point of cut-off and the point of release ; this is in cubic inches, 
and must be multiplied by the pressure at the above point from the vacuum; 
then dinde by 14.7. the pressure of steam at the atmospheric pressure, this 
gives in cubic inches the amount of steam discharged at each stroke. This 
quotient is multiplied by the number of strokes or times that the cylinder is 
filled at one end per hour ; this gives the total number of cubic inches of 
steam accounted for by the number of strokes which are made in one hour : 
this is reduced to cubic feet by dividing by 1728, which gives cubic feet of 
steam. Divided the cubic feet of steam by 1700. the volume of steam at 
atmospheric pressure, and the result gives us cubic feet of water ; multiply 
this last result by 62J and we have pounds of water ; this divided by the 
horse-power gives us pounds of water per horse-power for one hour. 
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BOTHER METHOD OF COMPUTING THE WATER PER nOBSE-POWER 
PER HOUR. 

The volume of the cylinder multiplied by the number of utrokea per 
minute, multiplietl by 60, or the minutes per hour, divided by 1728, givea 
oubic feet. Multiply the lust result by the weight of a cubio foot of steam at 
the pressure at the point of cut-oET— or the point from which the computation 
is made, using the prsMSure above absolute vacuum — and divide this last by 
the horse-power, and the final resiilt will be potmds of water per horee-power 
per hour. (See table of "Properties of Saturated Steam" for weight of one 
Hiblc foot in decimals of a pound.) 




UMPEaATURE AT DnTEBENT '•POUNDS PER SQUABB mCH" AND 
■■INCHES OF MERCURY." 

The very peculiar position in which we are placed in using one or the 
other of the thermometer scales, now generally in uue or cited by scientific 
men in experiments, or in coutriuit or conipaiiHon of results, makes an 
I enormous amount of trouble and bungling by comiiaring all others with 
■ihe Fahrenheit scale which commences on an assumi>tton over 300" from 
B/Borrect and ends in a guess, or, as Mr. Porter has so aptly said, ■' begins ia a 
■ blunder and ends nowhere." 

Fahrenheit asHumes 32° a-i freezing, and 212° as boiling. Centigrade 

gives 0° as corresponding to freezing on the F. scale, and 100° on hia tber- 

mometer to boiling, or 212° on the F. The general adoption of the Centi- 

e scale for scientific jiurpOHeH, at home and abroad, should be much more 

meral, as the F. does not commence with fact or continue with accuracy. 

TOTAL HEAT. 

There is no term used which Is more of a misnomer. Absolute cold has 

Ebeen iletermined with all reasonable certainty as 459° to 461° below the arbi- 

if point as assuined by Fahrenheit, so that in the tables of all scientific 

" total heat " is a false application of a term, notably in some of the 

literature which has emanated from the United .States Bureau of Steam 

wring, and total heat expresses only from Fahrenheit's assumed zero. 
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INCHES OF MERCURY. 

Usage lias coufirmed the use of a scale as rude as the tally stick of 
ball players in our younger days, when notches were cut in a stick with no 
graduation or calculation, simply guessed at. The English government liave 
adopted at the Eoyal Ai'seiial at Woolwich, mercurial gauges based on 
equal divisions from the " standard of usage," that 15 pounds to the square 
inch equals 30 inches of mercury, and the curious feature of these " standard" 
gauges to us, on examination, was the fact that each pound pressure coincided 
with even inches. 

The expansion of mercury for each increase in its temperature of one 
degree F. equals .00100S54. 

The starting point is, mercury at 32' F. equals a volume of 1. and as the 
changes in temperature occur — if mercury is to measure the changes— then we 
must correct the column of mercui'y for the degi-ees. Hence it follows that 
inches of mercury do not follow any assumed or empirical scale of equal 
inches, and when so combined neither element shows a correct reading. "jj 

One pound pressure in inches of mercury equals 2.037462+ inches, ^^k 

The specific gravity of mercury is 13,595 + . ^H 

Water ia at its greatest density at 39.2° F. or 4° C, and M. Beguault ha«' 
brought out some curious facts in his elaborate experiments on iiir. water 
and steam ; and these ore so extensive and so valuable that all persons who 
study steam should have them at hand. 

He has determined that saturated steam cannot be investigated separately 
on account of " the expansion and contraction of its volume consequent on 
changes of pressure, and those consequent on temperatui-e, because at the 
same time its volume is beiug contracted under increasing pressure, itn 
expansion takes place with increasing temperature," so that the density of 
saturated steam is an unsolved problem, and Mariotte gives us data approach- 
ing exactness from formulae of aii', which, under a constant pressure doubles 
its volume on au increase of temperature of 272.8° C, or 491° F., and in tem- 
perature of steam a coufusiou exists at the same pressui'e by different au- 
thorities, and frequently some unexplained feature exists which may be the 
point from which they stai't out, and we have to ascertain this point and add 
or subtract 32°, or some other number, frequently, in order to reconcile the 
data given. 

The Dkssitt of SxEiM is 1, divided by the volume at any given pressure, 
and at the atmospheric pressure the volume is 1702, so that the density be- 
comes the fraction tVst *l^^t o^ water at same pressure. 



TEMPERATURE OF VACUUM. 

The following table is from M. Begnault by transposition, and shows 
the pounds per square inch. The temperatuie and the inches of mercury 
corrected for temperature. The temperature is given by each 4° F., and the 
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fractious are closely as possible expressed in three places in the first column, 
and four places in the third column. 

The unit of heat being the heat required to raise the temperature of one 
pound of water 1° F,, if we require to compute from any point ; the heat con- 
tained in the water from the starting point, 32" F., must be subtracted from 
the heat given, and we can then convert into steam from and to any pressure, 
from any of the tables in this work : 



PouDdfl per 
Bquaro is(±. 

1.127 

2.186 

3.172 

4.095 

4.951 

5.755 

6.497 

7.190 

7.833 

8.427 

8-978 

9.489 

9.959 
10.393 
10.792 
11.162 
11.499 
11.811 
12.093 
12.352 
12.591 
12.807 
13.004 



locheg of 
Mercury. 


Pounds per 
square inch. 


Tempcrali 


2.3028 


13.182 


116° 


4.4538 


13.345 


112 


G.4638 


13.493 


108 


8.3428 


13.624 


104 


10.0948 


13.743 


100 


11.72.58 


13.852 


9C 


13.2418 


13.948 


92 


14.6508 


14.035 


88 


15.9588 


14.114 


84 


17.1718 


14.183 


80 


18.2948 


14245 


76 


19.3338 


14300 


72 


20.2928 


14350 


68 


21,1768 


14.393 


64 


21.9928 


14.431 


60 


22.7428 


14465 


56 


23.4318 


14.495 


52 


24.0638 


14,521 


48 


246418 


14.543 


44 


25.1718 


14563 


40 


25.6548 
26 0358 


U.581 
14, 598 


36 
3-2 



27.1908 

27.4908 
27.7688 



28.4218 
28.5988 
28.7588 
28.8988 
29.0249 
29.1374 
29.2372 
29.3256 
29.4038 
29.4726 
29.5335 
29.5867 
29,6334 
29.6742 
29.7097 
29.7407 



As 32" F. is the freezing point we stop at that point, as there would be 

no economy in going to that point, even if it were a possibility. The point 

of greatest economy by marine engineers is now considered to be about 124° 

at which jioint the changes of temperature are not so radical as with more 

\ Tocuum, and a greater degree of cold in its action on the surfaces of piston 

' and cylinder. 

We believe in a less vacuum as a means of greater economy ; and that 
' Bome of the examples of compounding, as shown in this work, are but an 
I approach to the highest economy in the applicAtiou of steam to motive 



TWEJV'Tr YEARS WITH THE INDICATOR. 



AN IMPROVED DRAUGHT GAUGE FOR CHIMNEYS. 



[The following article is fri>m The Locomotive. It contains so id 
tbftt is valuable that Jt is put upon reconl in permanent form for the engineer, 
who can compute closely the questions most nearly connected with chinmey 
draft, height, area, etc.. :] 

The influence of the chimney upon the working and economy of a steam- 
power plant is a factor of the greatcKt importance, and ia one which, in too 
many cases, does not receive, iii its design, location and execution, the con- 
sideration which sliould be given to it. 

The function of a chimney ia, primarily, to furnish sufficient draught to 
properly huni the fuel i secondly, to caiTy off the products of combustion. 
If the chimney is bo constructed that the first of the above-named conditions 
ia properly fullilled, the second will, in general, follow aa a natural conse- 
quence. 

In designing a chimney for any given boiler plant, due regai-d should be 
paid to its location with regard to the sun-ounding buildings or adjacent 
hills, if there are any, the general direction of the prevailing winds, etc., as 
all these conditions have u direct and often a very great influence upon the 
proper working of the chimney. The chimney should be well constructed, 
the foundation should lie firm enough to prevent any unequal settling which 
would be liable to crack the walls, the biicks shoidd be carefully laid, care 
should be exercised that no air holes exist in the shaft of the chimney or the 
flue leading to it. The chimney, if of considerable size, should be built with 
double walls ; the inner stack or core should be entirely independent of the 
outer one. This construction serves two important purpoees : it prevents 
undue loss of heat by radiation, and prevents the excessive, uuetiual ex- 
panaion and contraction of the outer stack, which might occur if it were a 
single shaft exposed on the inside to the heat of the escaping gases, and on 
the outside to the atmospheric temperature, the difference of which in 
some cases is as gi-eat as 600° F. This adds greatly to the very imj>ortant 
element of the strength and durability of the outer shell of the chimney. 

The cause of the draught power of a chimney may beat be illustrated by 
assuming a particulai' case and following its working. Let ua suppose we 
have a chimney 100 feet high from the top of the grate bars, the point from 
which the height of a chinuiey sliould always be reckoned. Sujipose the 
temperature of the external air is CO" F., the temperature at the bottom of 
the chimney 400° F., which is about right in a well-arranged plant, and the 
barometer stands at 29.92 inches. 

Then it ia evident tliat we shall have in the chimney a column of tlie 
hot gases, the temperatm'e of vhich is 400° F., and the height 100 feet. 
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■The density or weight per cubic foot of these gases, when twenty-four 
T {)Ounda of air are supplied to each pound of coal hurued, will be about .0482 
[ pounds, vfhjie the density of the external air will be about .07(>4 pounds jier 
\ cubic foot. Now it is jilain that in thin e.ise the pressure of a colmnu of the 
■tmospLeric an- 100 feet iiigh will be 7.G4 pounda per square foot, while the 




I pressure of a similar column of the chimney gases would be but 482 pou&ds. 
iKow as the pressure of that portion of the atmosphere above the chimney-top 
l-b evidently the same on the top of the colunui of hot gases as it is on the 
1 BUiTOunding air at the same height, it may be neglected, and we need con- 
Ipider only the gases for the given height of chinmey and the same height of 
I external air. Now in the case we are considering, the difference in the 
ighta of the column of atmospheric air at RO' and the chimney gases at 
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400° is for a height of 100 feet 7.64^.82=2.82 povmda per square foot, aad 
it 18 this excees of pressure of the eiterual ail' over that in the chimney which 
causes it to flow into the chimney tlirough every opening into it. In prop- 
erly-arranged boiler furnaces the only available opening ia, of course, throu(^h 
the layer of incandescent fuel on the grate ; in its passage through the fuel 
all the incoming air ia heated and forced upward in its tui'u, and thus the pro- 
cess goes ou continuously. 

Now it is evident that if we can meaeure this unbalanced pressiu-e in th? 
chimney, we have a means of determining whether the chinmey ia " drawing" 
as well aa its height should indicate, and if it is not- it may aid ua in discover' 
ing where the faiUt lies, and so remedy it. This, the instrument shown on 
the preceding jiage, enables ^1B to do with very great accuracy. 

It hfts been designed and made by this company, who felt the need of 
something f()r their own use which would give more fi.ccr.rate and reliable 
results than the crude siphon gauges heretofore used. "We are not aware 
that anything at all approacliing it, in accuracy or completeness, has ever 
been made or used for this purpose. 

The cut shows the iuHtrument full size. A and A' are glass tubes 
suitably mounted, as shown, and communicating with each other by means 
of a passage through the base, which passage may be closed by means of the 
stop cock shown. Surrounding the glass tubes are the two brass rings fi 
and B'. Theae rings are attached to blocks which elide in dovettuled gi-ooves 
in the body of the instrument, back of the 3-inch scales, and may be easily 
moved up and down by screws, the milled heads of which are shown at F, F'. 
The 3-inch scales ai-e divided into fortieths of an mch, and read to thou- 
sandths of an inch by the verniers e and e', which are attached to the sliding 
rings B, B', This arrangement of scale and vernier is exactly the same as 
that of the ordinary Brovrn & Sbarp'e vernier caliper, with which every ma- 
chinist is famihar, and is so adjusted that when the instrument is peq>endicu- 
lar, and the tops of the brass I'ings B aud B' are at exactly the tiiune height, 
the reading of each ia precisely the some. This being the case, it is evident 
that if the two short rings ai-e set at different heights, as shown in the figure, 
the difference in their readings will give the difference of level between them. 
The thermometer shown in the center of the instrument is for the purpose 
of noting the temperature of the external air at the time of making observa- 
tions, without the trouble of taking along an exb'a thermometer. The method 
of using the instrument is as follows : 

At any convenient point, as near the base of the chimney as possible, a 
hole is made large enough to insert a thennometer to ascertain the tempera- 
tm'e of the chimney. (This is something that it is extremely important to 
know, for other reasons than those connected with the use of the above in- 
strument, and facilities for so doing should always be provided when a 
chimney is built.) The most available place is generally in the main flue 
leading fi-om the boiler to chimney, and about twelve inches from the side 
of the chinmey. The height from this opening to the top of chimney, : 
also to top of grates, should be noted for reference. 
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The cliinmey gauge is then attached to eome convenient wall by means 
of small Bcrews, the holes for which are shown in the cut. The tubes are 
then filled about lm,lf full of water, when the verniers afford an ca^y means of 
setting it exactly pei'pendiciilar. One end of a flesible rubber tube is then 
inserted into the upper end of one of the glaws tubes (which are both open at 
the Tipper eud) and the other end of the tube is inserted in the chimney flue. 
Then it is evident that the surface of the water in one of the tubes is open to 
the atmosphere, and that in the opposite tube is in communicatiou with the 
somewhat lesser pressure of the hot gases in the chimney, and consequently 
the water in the tube communicating with the chimney will rise to an amount 
dependent upon the difference of pressiu'e inside and outside of the chimney. 
The tubes B, B' ai-e then adjusted by means of the screws F, F', until their 
upper ends are Just tangent to the surface of the water in the two tubes. Ah 
the surface assumes a curved form in consequence of the capillary action of 
the sides of the tubes, this maybe done with very great accuracy. The 
reading of the two scales is then taken, aud their difference gives the height 
to which the water has risen. At the some time the temperature of the flue 
is noted, as well as that of the external atmosphere. Compaiison may then 
be made with the following table, which has been computed by us for use in 
connection with investigations of chimney draught. The calculations have 
been made for a chimney 100 feet high, with various temperatures outside 
and inside of the flue, and on the supposition that the temperature of the 
chimney is uniform from top to bottom. This is the basis on which b 
calculations respecting the di-aught-power of chimneys have been made by 
Raukine and all other writei-s, so far as we know, but it is very far from the 
truth in most cases. The tlifference will be quickly shown by compaiing the 
reading of the above described gauge with the table given. Por other 
heights than 100 feet, the theoretical height is very easily found by simple 
proportion, thus; suppose the external temperature is 60°, the temperature 
of flue SSfi", height of chimney 137 feet, tl*u under CO" at the top of the table 
and opposite to 386° in the left hand margin, we fiml .52". 

Then 100 : 137 :: ,52" : .71" w-hlcli is the required height for a 137-foot 
chinuiey, aud similarly for any other height. 

Some interesting facts relative to the cooling of the gases in chinmeja 
have been developed by us. of which we shall give an account i 
two. For instance, in one chimney, 122 feet in height, we noted the follow- 
ing : Temperature at the base, 320° ; temperatui-e at the top, 230°, and the 
amount by which the height of water column in the gauge fell short of the 
theoretical, as given above for uniform temperature, was accounted for to less 
than the thousandth of an inch. 
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0^ 


10' 


30° 


30' 


40' 


50° 


60° 


TO" 


SO" 


90° 


lOO* 


200 


.453" 


.410 


.884 


,853 


.821 


.893 


.363 


.334 


209 


.182 


,1.57 


210 


.470 


.436 


.401 


.371 


.838 


.809 


,380 


.251 


237 


.300 


.175 


220 


.488 


.458 


.419 


.888 


.865 


.326 


.298 


.369 


244 


.217 


.199 


330 


.505 


.470 


.436 


.405 


.872 


.344 


.815 


.288 


361 


.384 


.309 


240 


.520 


.488 


.451 


.431 


.888 


.859 


.330 


.801 


970 


.250 


.925 


250 


.537 


.503 


.488 


.438 


.405 


.876 


.847 


.819 


304 


.267 


.243 


2G0 


.565 


.528 


.484 


.453 


.420 


.393 


.368 


.384 


309 


.989 


.337 


370 


.588 


.534 


.499 


.488 


.«6 


.407 


.878 


.849 


331 


.398 


.278 


380 


.584 


.549 


.516 


.482 


.451 


.423 


.394 


.365 


340 


.818 


.288 


2S0 


.597 


.068 


.538 


.497 


.465 


.436 


.407 


.379 


853 


.326 


.301 


800 


.611 


,576 


.541 


.511 


.478 


.440 


.420 


.893 


887 


.840 


.315 


810 


.624 


.589 


,555 


.634 


.493 


.463 


.484 


.405 


380 


.358 


.3SS 


320 


.637 


.603 


.568 


.638 


.505 


.476 


.447 


.410 


894 


.387 


.343 


330 


.661 


.61(1 


.582 


.551 


.518 


.489 


.461 


.432 


407 


.380 


.865 


840 


.662 


.638 


.593 


.563 


.530 


.501 


.473 


.443 


419 


.393 


.367 


850 


.670 


.841 


.007 


.576 


.643 


-.514 


.486 


.457 


432 


.405 


.880 


880 


.687 


.eas 


.618 


.588 


.558 


.536 


.407 


.468 


444 


.417 


.393 


370 


.691) 


.664 


.630 


.599 


.665 


.538 


.509 


.480 


456 


.428 


.408 


880 


.710 


.670 


.011 


.611 


.578 


.540 


.520 


.492 


467 


.440 


.416 


sno 


.723 


.687 


.6.>2 


.623 


.588 


..161 


..W2 


.508 


478 


.451 


.426 


400 


.733 


.697 


.662 


.633 


.508 


.570 


.541 


.513 


488 


.461 


.488 


410 


.743 


.708 


.674 


.643 


ftto 


.583 


.553 


.624 


499 


.478 


.447 


420 


.753 


.718 


.084 


.653 


.620 


.591 


.668 


.634 


509 


.482 


.437 


430 


.764 


.rm 


.695 


.664 


.633 


.003 


.574 


.545 


690 


.493 


.448 


^^^^K 440 


.774 


.739 


.705 


.674 


.641 


.013 


.584 


.655 


530 


-508 


.479 


^^^B 4S0 


.783 


.749 


.714 


.684 


.051 


.623 


,693 


.564 


540 


.613 


.488 


^^^^L 460 


.798 


.758 


.724 


.694 


.660 


.632 


.603 


.574 


649 


.623 


.497 


^^^^^f 4T0 


.802 


.768 


.733 


.703 


.670 


.64! 


.612 


.584 


650 


.sai 


JWT 


^^^H 480 


.810 


.776 


.741 


,710 


.678 


.649 


.620 


.591 


566 


.540 


.516 


^^^H 490 


.820 


.786 


.751 


..790 


.687 


.659 


.630 


.601 


576 


.540 


.624 


^^^^K fioo 


.829 


.791 


.760 


.730 


.607 


.669 


.689 


.610 


680 


.559 

1 
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HOW TO TEST FEED WATER FOR BOILERS. 



Feed-water heatei-s are a matter of great importance; they are not 
always put in as they should he, nor are they given credit for al! that they 
do, or even all that they are capable of, aud in a great many cases they are 
not ueed, as they might be, for the profit or benefit of the owner, Testing 
the temperature of feed water for a boiler, is not au agreeable or desirable 
undertaking at all times, but it is a matter which can Vw done every hour in 
the day, if the engineer in charge will only think so. It is a matter not gen- 
erally understood, that the feed water varies a great deal whether it ia tested 
under pressui'e or in the open air. Water cannot and will not show any 
temperature greater than 212°, if, Indeed, it does that, unless it is under 
pressure. It is remarkable that engineers wOl insist in drawing water out of 
a boiler under GO or 80 [jounde pressure, and dip a thermometer in the cur- 
rent of water which ia running away from the boiler into the open air, and 
then wonder why the feed water does not show the same result ! If the 
reader will refer to Fig. 1, in which A represents a side of the feed-water 
beater, B the feed pipe to the boiler from the upper portion of t'.ie heater, C, 
D, E, F, ate all for the testing of feed water, and will be exjilaiiied fui'ther 
on. Fig. 3 is a crude, but simple and reliable, method of testing any ther- 
mometer, and it is a very desirable proceeding to test thermometers, for we 
have found them varying 15° to 20° from the standard which we have, and 
always refer to in any test of pressure, or steam, or for temperature of feed 
water, whenever we are working around boilers or in Einy steam work. Take 
a tin can or pail, anything which will hold water three inches deep or over 
that, and put it upon a fire, or anywhere else, to boil ; when it is boiling, 
then enter the thermometer bulb into the water an inch or more in depth, and 
notice whether it records 212" or 220°, or any other point, and also notice 
that the water is kept boiling until the observation ia complete ; whatever the 
variation is between 212'' and the record of the test, remember that aud make 
the allowance in all future observations taken with that thermometer. 
It is very seldom that we find a thermometer which shows less than 212" at 
boiling. 
' If we refer to Fig. 1 again, there is a cross put in the feed pipe from the 

Ruater to the boiler, from which the feed pipe propei' leads oflf at B, the pipe 
wliich ia continued down to C, bi-anchea off again at D, having an outlet, say 
one.quarter of au inch in diameter upon one side aud one aud one-half inches 
upon the other. We have found these arrangements sometimes jiut upon the 
heater of one maker by another who was desirous of making a test of his 
■ -OTponent's feed-water heater, and it ia somewhat curious that the most of 
e testa are mode by means of thermometers exposed to the open air. 
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while, as a matter of fact, the heater is used iu its everj-day work " unJeT 
preBSiire ;" the temperature of the water drawn from the boiler itself, will iiot 
be over 212°, if tested at the point D or E, no matter if the boiler was ten feet 
(Ustant, and the pressure 60 pounds. 

We will now refer to Fig. 2, in which A represents the glass tube of the 
thermometer coiTectlj graduated, and used only after it has been thoroughly 
tested, D is a east-iron plug which fits iuto the top of the croBB, immediately 
over the boiler feed pipe B, Fig. 1 ; into the top of D is drilled the hole for a 
half-inch gas-pipe plug B, which has been cupped out, and under it a piece of 
rubber packing, C, fitted. The holes iu B and D are slightly larger than the 
thermometer tube, and the rubber is punched so as to fit close ; when 




the tube has been put into place, the rubber slipped down upon it, and the 
plug, B, screwed up, so that the bulb will be lield below the crossing of the 
other pipe, we are ready to put the plug into the top of the cross and com- 
mence operations. As a safeguard the cord E is led from a small peg in each 
side of the plug through the ring in the top of the thermometer, so as to pre- 
vent its moving up by the pi'essure. In this disposition of the thermometer 
the boiling point should always be left above the top of the plug. 

With this arrangement, which any engineer can readily fix up for himself, 
it is perfectly easy to test correctly and completely what the temperaturo of 
feed water is, which is passing iuto the boiler, and it can bo done for fifty 
cents beyond the price of the thermometer, and these, from a reliable makffl, 
will cost from IJl.SO to ^1.50 each. If there is an angle valve in the feed 
near the boilers, it is a first-rate place in which to put the thermometer so as 
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to know at what temperature the water enters the boilers, 1ml whenever the 
apparatus is put in. let the bulb of the thermometer always remain in the 
current of lealer te/iich if under pressure. Water boils at the level of the 
ne& at 212°, and for each 500 feet above the level of the sea, it boils at one 
dfigree less than 212" ; never test steam or water under pressure unless you 
put the thermometer into the current of moTing wuter or steam. 



LTJSTERLESS FINISH ON TEMPERING STEEL. 

A. fine lusterless surface on tempered steel can be procured by either of 
the following operations : After the steel article has been tempered, it ahoold 
be rubbed on a smooth iron surface with some pulverized oil-stoue until it is 
perfectly smooth and even, then laid upon a sheet of white paper and rubbed 
back and forth until it acquires a fine dead finish. Any screw holes or de- 
pressions in the steel must be cleaned beforehand with a piece of wood and 
oil-stone. This delicate, lusterless surface is quite sensitive, and should be 
rinsed with pure, soft water only, when the article will be found to have a 
fine, luHterlese finish. 




PATTERN VARNISH. 



A Tarnish has been patented in Germany for foundry purposes and 
which it is claimed dries as soon as put on, gives the patterns a 
mooth surface, and is a good filler. This varuish is prepai'ed in the follow- 
ing manner : Thirty pounds of shellac, ten iKfuuds of Manilla copal and ten 
pounds of Zanzibar copal are placed in a vessel, which is heated externally 
by steam, and stirred from four to six hours, after which ISO parts of the 
finest potato spirit are added, and the whole heated during four hours to 87' 
C. This liquid is dyed by the addition of orange color, and can then be used 
for painting the patterns. When used for painting and glazing nmcblnery, it 

Knsists of thirty-five pounds of shellac, five pounds of Manilla copal, ten 
unds of Zanzibar copal and 150 pounds of spirit. 
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THE CALOEDTETER TEST. 



RULE FOR MAKING IT. 

"We give the following old but simple rule for a Calorimeter test: T&ke 
steam from inaiu pipe near boiler with ^iiich pipe — the pipe must be 
thoroughlj protected by covering with hair felt ; the lower end of pipe ehould 
be closed, and ^inch holes drilled so as to form ft rose ; the holea should be 
close to bottom of cap, so as uot to trap water; the valve should be within 
easy reach ; a can (bright tin is preferable) holding twelve to fifteen pounds of 
water should be providetl, with sufficient opening in top to insert steam pipe 
aud take temperature; this also should be well protected with hair felt; a 
small scale, steelyard, oi spiing balance, can be used for weighing ; put exactly 
ten pounds water in the can, note its temperature, move the scale weight out 
one pounil. so as to have just eleven pounds water when test is complete: 
blow steam through pipe to free it of any water of condeusfttion, insert pipe 
in can, and when just one pound of steam has been condensed (eleven pounds 
water in can) shut off steam and note temperature of water. The difference 
is the caloric. 

This formula is based, as all are, on the total heat of steam latent and 
sensible, less the temperature of water above zero, and can be calculated thus; 
Latent heat £166, -sensible 212=1178, less the temperatuj'e of 10 pounds water. 
■which leaves 1178—80=1098. Now we tm-n one pound steam into 10 
pounds water, and find the temperature has risen from 80° to 176°, a gain of 
96*. This we multiply by 11 pounds water, 11x96 = 1056, nearly equal to 
our 1098 total available heat; 100° rise of temperature, if no heat had been 
absorbed by the can containing the water, would be dry steam. It has been 
found by experiment that 96° under the above rule is dry steam. Hod the 
rise of temperature beeu but 80°, the amount of water in the steam would 
have been 20 per cent. The tables approximate closely to the actual amount 
of water carried over in the steam: 



M deffTEea dry utesni. 



TWENTY YEARS WITH THE INDICATOR. 



mON PAINT. 



Iron paint, as it is termed — a paint composed of pulverized iron and lin- 
seed oil vaiiiisb — iH a recent German invention, and ia intended for coveiing 
damp walls, outer walls, and, in short, any place or vessel espoaed to the action 
of the open air and to the weather. Sliould the article to be painted be ex- 
posed to frequent changes of tem)>eTature, linseed oil varnish and amber 
varnish are mixed v,-ith the paint intended for the first two coats, without the 
addition of any artilicial drying medium. The first coat is applied rather 
thin, the second a little thicker and the last in a rather fluid state. The 
paint is equally adapted as weather-proof coating for wood, stone and iron ; 
nor is it necessary to previously free the latter from rust, greaae, etc., a super- 
fioisl cleaning being sufGcient. 



b- 



JOULE'S EQUIVALENT. 



The conversion of heat into work is the main piupose of the Bteom «n. 
gine. In other words, we could not use coal in the steam cylinder, and water 
ia therefore made the medium to convey the products of combustion, tnuta- 
ferred from coal to water, through the steam boiler, and the steam in the 
fluid state, under various pressures, passes through all the pipes, valves, 
ports, is controlled by the valves so that it is more or less economically used 
according to their action, and the only way we have of establishing this action 
for economical comparisons for the purpose of ascertaining the power, is by 
means of the indicator. We must, therefore, have some standard, and for that 
purpose frequent reference is made to the unit or equivalent. Mr. Joide, at 
Cambridge, England, in 1845 or '46 first exhibited the apparatus, and at that 
time he considered tliat it required 761.5 pounds to equal the raising of one 
pound of water 1° Fahrenheit, while in another case it was slightly increased, 
but was subsequently settled that the precise equivalent of the unit of heat 
was 772 pounds raised one foot high, and this is what is termed Joule's* 
equivalent. 
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Joule's equivalent has been generally substantiated by scientific researcii 
and is accepted as true. It may be defined as the work done raisiiig one 
pound through one foot, and is called either the foot-pound, or the unit of 
heat \ or the heat required to I'aise the temperature of a pound of water 1 
Fahrenheit, and is the equivalent of 772 units of work. When a pound of 
water at the temperature of boiling, 212° Fahrenheit, or 100° Centigrade, 
when at the atmospheric pressiire, passes into a state of steam of the same 
temperature, 966.6 units of heat, e(|uiva]ent to 716,21S units of work, 
appear, being converted into internal and external work. 

Ur. Joule also has announced what absolute cold was, and this ia 
sidered proven by scientific research at 461.2° below zero of the Fahrenh^ 
scale or — 274° on the Centigrade scale. The theory upon which Joule' 
equivalent is rested is that heat is motion, and that absolnte rest would be 
absolute cold, and that the atoms of which bodies consist, are always ia 
motion, and if they were brought to absolute rest, this would give the result 
which he first announced, and which has generally been accepted by the best 
authorities, as 461.2° below zero, Fahrenheit. 



i 



COLORING SOFT SOLDEB YELLOW. 



When brass ia soldered with soft solder, the difference in color is • 
marked as to direct attention to the spot mended. The following method of 
coloiing soft solder ia given by the Metallarbeiter ; Fu'st prepare a saturated 
solution of sulphate of copper (blueetoue) in water, and apply some of this on 
the end of a atick to the solder. On touching it with a steel or iron wire it 
becomea coppered, and by repeating the experiment the deposit of copper 
may be made thicker and dai'ker. To give the solder a yellower color, TnJT 
one part of a saturated solution of sulphate of zinc with two of sulphate of 
copper, apply this to the coppered spot, and inib it with a zinc rod. The 
color can be still further improved by applying gilt powder and polishing. 

On gold jewelry or colored gold, the solder is first copiiered as above, 
then a thin coat of gum or isinglass solution is apphed and bronze powder 
dusted over it, which can be polished after the gum is di^ and niade very 
smooth and brilliant ; or the article may be electro-plated with gold, and thea 
it will all have the same color. 

On silverware the coppered spots of solder are rubbed with silvering 
powder, or polished with the brush and then carefully scratched with I 
scratch brush, then finally polished. 
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RECIPES FOR SOLDERIXG FLUID. 



One dram each of powdered copperas, boras asd prussiaUt of potaeh ; 
one-lialf ouace powdered iial ammoniac : SJ ounces fluid muriatic acid ; let the 
mixture cut all the zinc it will and then dilute with cue pint of vat«r. Tliia 
is something extra for soldering raw edgea of tin or galvanized iron. The 
above quantity of fluid costs fifteen cents. 

Add granulated zinc or zinc scraps to two fluid ounces of muriatic acid 
until hydrogen ceases to be given off; add one teaspoonful of ammonium 
chloride ; shake well and add two fluid ounces of water. 

Also a good fluid for soldering bright tin can be made of well-pounded 
resin and sweet oil. It was used years ago by the tinners of Great Britain 
for soldering planished ware made in those days, and is excellent for solder- 
ing fine work, silver and plated ware ; it can be wiped oflF with a clean rag and 
leave no stain or scratches. 



SAFETY- VAL^T: PROBLEMS. 



1, Do you wish to know the pressure of the ball as it hangs T Ball weigha 
90 pounds. Multiply the weight of the ball by the distance in inches the 
weight hangs from the center of the fulcrum, aay 30 ; divide that by the dis- 
tance in inches from the center of the valve to the center of the fulcrum, say 
6 ; add the weight of the valve and lever in pounds, say 20; divide this by the 
square inches in the valve, say 20 ; and the result will be the pressure in 
pounds on a square inch of the ball, equal to 26. 

90x30 -f-5-l- 20^20=28 

2. If you wish a certain pressure with a ball you have never used, then 
say the valve is 4 inches jn diameter, the area is 12.566. Multiply this by the 
pressure you' want in pounds, say 40; subtract from it the weight of valve 
aad lever, say 16 ; multiply this by the distance from the center of the valve 
to the center of the fulcrum, say 4 ; dinde this by the weight of the ball in 
pounds, say 80 ; and the distance in inches the ball must be from the center 

■.erf the fulcrum will be the result, as 24J. 

12.566 X 40— 16 X4 -^ 80 = 24^. 
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3. If you wish a ball upon the lever for a certain pressure in pounds, 
multiply the area of the valve 7.068 by the pressure required 50 pounds, take 
out the weight of the valve aud lever ; multiply that result by the distance 
from the center of the valve to the center of the fulcrum, say 3 inches ; divide 
this result by the distance from where you put the ball, 21 inches, to the 
center of the fulcmm, and this will give you the weight of the ball. 
7.068X50x3+21=504 pounds, weight of ball. 

RmX FOR A8CERTAINIX0 SIZE OF S.IFETY.VALVE FOR ANT GIVEN 
GRATE SURFACE. 

The required aggiegate area of safety-valve to be placed upon boilers, 
may be expressed by the formula, 

22 5XG 



P + 8.62 

in whicli A is area of safety-valve in inches ; Q is area of grate in square feet i 
P is pressure of steam in pounds per square inch, to be carried on the boiler 
above the atmosphere. The following table gives the results of the formula 
for one square toot of grate as applied to boilers used at different pressures : 

PEESSUBES PEB SQUABE ISCH. 

10. 20. 30. 40. 50. 60. 70. 80. 90. 100. 110. 120. 

I I I I I I I I i I I I 

1.21 0.79 0.58 0.46 0.38 0.33 0.29 0.25 0.23 0.21 0.19 0.17 
{area corresponding to one square foot of grate.) 
Example. — Required, area of safety-valve is square inches for boiler 

running at 60 lbs. pressiu^ and 30 feet grate surface. 

For 1 square foot from table at 80 lbs. — 0.25 
Square feet grate surface — .30 

Area of valve in square-inches =7.^ 

If a forced or artificial draft is used, the estimate is based on a c 

tion of 16 lbs. of fuel for each square foot of grate surface. 
This rule was furnished by the scientific commission wh: 

inspection law for the city of Philadelphia^ 



Tarnished colored gold articles, it is said, may be restored by the (<d 
ing method : Dissolve one ounce of bicarbonate of soda, half an ounosa 
chloride of lime, and half an ounce of common salt, in about four ounces of 
boiling water. Take a clean brush, and wiish the article with the hot solutka 
for a few seconds, and rinse immediately in two clean waters. Dry in % 
sawdust, and finally rub over with tissue paper. 
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WATER IN THE CTLINDER. 



HTacc 



It has now become generally accepted among the best authoritiea that 
the indicator dia^am will show the water or presence of water in the cylinder 
when working. It must first be positively settled that there are no leaks 
about the valves or piston or that there ia nothing which shall disturb tbe 
true diagram, for unless the engine is in mechanical ]>erfection as nearly as 
possible, the real reading of a diagram does not give us the facts, and am- 
biguous quantities enter in. We must, therefore, be sure that the engine iB 
mechanically in first-class condition and proper order ; then having arrived at 
the point of the stroke where steam ia cut off, with precision, we can figure 
for water in the steam. This varies considerably with the conditions under 
which the valves oie working. If a great deal of water is present, it makes a 
radical difference in the expansion curve. We can readily plot upon an in- 
dicator diagram the pressure of steajn with regard to its density and volume, 
reference to the table of Properties of Satiu^ted Steam, if we wish to do 
; but in doing this, we have certain other factors which must be token into 
account, which involve many figures, and also points about which the beat 
authorities differ so widely that we have cot carried it out in this volume ; 
that rather belongs to the science of the indicator than to its practice, and is 
a point upon which the best authorities do not by any means agree. 



To cut Oauoe Oiasses to length take a drill rod, shaipen 
the end and turn it at right angles to rod, like cut, and harden 
the end without drawing the temper. Be careful in hardening 
not to get the point too hot, as its being so small it is liable to 
be burned. 

Every engineer will find this a handy tool. 

"Wlien a glass ia to be cut find the length, and with this tool 
out a ring around the intiile of the glass and it will usually break 
off square at that point at once. If it does not, a little heat 
applied at that point will hasten, or if laid down a few minutes 
it will crack off. 

A glass cut on the outside, imless cut very deep with a file or 
stone, is liable to crack anywhere. 
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BABBITT METAL. 



Nearly half a century ago Isaac Babbitt of Taunton, Mass., originated 
the alloy which has since been known as Babbitt Metal. It is highly valued 
for its anti-friction qualities as compared with other metals. Isaac Babbitt 
was a goldsmith by trade and made the first Britannia ware produced in this 
country. He was honored with a gold medal for his discovery of his anti- 
friction alloy, and was also presented with $20,000 by the Congress of the 
United States. Below are several formulas for preparing Babbitt metal for 
different uses : 

WHITE ALLOT, OB BABBITT METAL. 

A — Copper 10 

Tin 72 

Antimony 18 

100 

This alloy is recommended for high-speed machinery journal boxes. 

B — Copper 1 

Tin 48 

Antimony 5 

Lead 2 



56 

This alloy is more economical than the above and has a more greasy 
touch than the first-named above, but is not so desirable for high speed. 

C— Lead 32 

Zinc 20 

Antimony 48 



100 

This alloy will resist a rapid friction. The zinc should be melted first, 
then add the other metals. 

D— Lead 90 

Antimony 100 

This alloy is suitable for pillow blocks, agricultural or other slow work- 
ing machinery. 
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pProm Hamilton's Useful Information for Railroad 3Ien.j 
USEFUL NUMBERS FOR RAPID APPROXIMATION, 



Peet X .00019 : 

Yards X 0006 

Links X 22 

Links X .66 

Feet X 1.5 

Square inches X 007 

Circular " X .00546 

Square feet X .111 

Acres X4840. 

Square yards X .0002066 

Width in chains X 8. r 

Cubic feet X 04 

Cubic inches X .00058 

U. S. bushels X .046 

" " X 1.244 

X2150.42 

Cubic feet X .8036 

" inches X .000466 

U. S. gallons x .13368 

" " X 231. 

Cubic feet X 7.48 

Cylindrical feet X 5.87a 

Cubic inches X .004329 

Cylindrical inches X 0034 

Pounds X .009 

Pounds X .00045 

Cubic feet water x 62.5 

" inches " X .03617 

Cylindrical foot of water X 49.1 

Cylindrical inches of water X .02842 

U. S. gallons of water -«- 13.44 

U. S. gallons of water -i- 268.8 

Cubic feet water -i- 1.8 

" " " -+. 35.88 

Cylindrical foot of water X 5.875 

Column of water, 12" high ; 1 inch diameter 

183,346 circular inches 

2,200 cylindrical inches 

French metres X 3.281 

Kilogrammes X 2.205 

Grammes X .0022 



: miles. 

miles. 

: yards. 

:feet. 

: links. 

: square feet. 
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yards. 
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1 acres. 

" per mila 
: cubic yards. 
: " feet. 

" yards. 
: " feet. 
: , " inches. 
:U. S. bushels. 

: cubic feet. 
: " inches. 
:U. S. gallons. 
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:cwt. (112 lbs.) 
tons (2240 lbs.) 
:lbs. avoirdupois. 
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cwt. (112 lbs.) 

:tons. 

cwt. (112 lbs.) 

tons. 

U. S. gallons. 

:34 pounds. 

:1 square foot. 

:1 cubic " 

:feet. 

: avoirdupois Iba 
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To write upon terra-cotta tablets, dip tbe clay tablet iu inilk, with a few 
drops of auiil added, and theo diy. \Vlieii tUis is done you can mite upon it 
as easily aa upon paper. 



THE PROPERTIES OF SATURATED STEAM. 



In tbe tables whicli follow, steam is considered from M. Regnaulfs 
results, and "total heat" is fi'om tbe Fahrenheit zero. 

Tbe bases of all bis resultH ai-e, that tbe saturated steam maintains rela- 
tively density, temperature, and presHure unchangeably to each other, and it 
naturally follows that if one of these properties are for any cause changed, 
that tbe others altio change iu some fixed ratio, or that each of the others 
pass through relative changes in proportion, so that all the factors change 
proportionately, and the basis remains the same or unchanged, 

In specific heat; water exceeds any other substance known, and the 
specific heat of any body is the amount of beat required to raise its 
temperature 1°, taking the amount of heat required to raise the tem- 
perature of water 1° (an equal weight) as the unit. The specific heat 
of superheated steam, as stated by M. Regnaidt, is .48, while satu- 
rated steam is .305 ; and the same authority states, that as saturated 
steam is always at its dew point, and, if its density iw maintained, all 
the loss of heat encountered must be supplied by its partial condensation, 
and, while it does not contain water necessarily, its temperature cannot be 
any higher than that of the water from which it was generated. It has, 
until recently, been supposed that tbe specific heat of saturated eteam was 
nothing, as it did not require an additional amount of heat to raise its 
temperature, and it was also supposed that the latent heat gave the increase 
of temperatui-e ; but M. Regnault has determined differently, and that 
an addition is required of .304° to its total heat to raise the temperature one 
degree.— See Tables I, XL, IH, IV and V. 
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T'ABIL.X: III. 

HTPKREOLIO LOQARITHMa. 
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TABLE IV. 

EFFECT OF EXPANSION WITH EftUAJ, VOIUMEH OF STEA^. 
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T-A.III-1E V. 
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1-64 






• 333 


.015625 


2-64- 1-32 






:i= 


.03125 


3-64 






— 


.046875 


4-64= 2-32= 1-16 






= 


.0625 


6-64= 3-32 






— 


.09375 


8-64= 4-32= 2-16= 


= 1-8 




— 


.125 


10-64= 5-32 






1^^ 
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